
�

-3HUQ/LWH��([WHQVLEOH�7UDQVDFWLRQ�6HUYLFHV�IRU�:::

-LQJVKXDQJ�<DQJ
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH

&ROXPELD�8QLYHUVLW\
1HZ�<RUN��1<��������86$

7HO����������������
(�PDLO��M\DQJ#FV�FROXPELD�HGX

*DLO�(��.DLVHU
'HSDUWPHQW�RI�&RPSXWHU�6FLHQFH

&ROXPELD�8QLYHUVLW\
1HZ�<RUN��1<��������86$

7HO����������������
(�PDLO��NDLVHU#FV�FROXPELD�HGX

&8&6�������

Abstract

&RQFXUUHQF\� FRQWURO� LV� RQH� RI� WKH� NH\� SUREOHPV� LQ� GHVLJQ� DQG� LPSOHPHQWDWLRQ� RI� FROODERUDWLYH� V\VWHPV� VXFK� DV

K\SHUWH[W�K\SHUPHGLD�V\VWHPV��&$'�&$0�V\VWHPV�DQG�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV���0RVW�H[LVWLQJ�V\VWHPV

VWRUH�GDWD�LQ�VSHFLDOL]HG�GDWDEDVHV�ZLWK�EXLOW�LQ�FRQFXUUHQF\�FRQWURO�SROLFLHV��XVXDOO\�LPSOHPHQWHG�YLD�ORFNLQJ�

,W�LV�GHVLUDEOH�WR�FRQVWUXFW�VXFK�FROODERUDWLYH�V\VWHPV�RQ�WRS�RI�WKH�:RUOG�:LGH�:HE��EXW�PRVW�ZHE�VHUYHUV�GR�QRW

VXSSRUW� HYHQ� FRQYHQWLRQDO� WUDQVDFWLRQV�� OHW� DORQH� GLVWULEXWHG� �PXOWL�ZHEVLWH�� WUDQVDFWLRQV� RU� IOH[LEOH� FRQFXUUHQF\

FRQWURO�PHFKDQLVPV�RULHQWHG�WRZDUGV�WHDPZRUN�±�VXFK�DV�HYHQW�QRWLILFDWLRQ��VKDUHG�ORFNV�DQG�ILQH�JUDQXODULW\�ORFNV�

:H�SUHVHQW�D�WUDQVDFWLRQ�VHUYHU�WKDW�RSHUDWHV�LQGHSHQGHQWO\�RI�ZHE�VHUYHUV�RU�WKH�FROODERUDWLYH�V\VWHPV�� WR�ILOO� WKH

FRQFXUUHQF\� FRQWURO� JDS�� � 7KH� WUDQVDFWLRQ� VHUYHU� E\� GHIDXOW� HQIRUFHV� WKH� FRQYHQWLRQDO� DWRPLF� WUDQVDFWLRQ� PRGHO�

ZKHUH�VHWV�RI�RSHUDWLRQV�DUH�SHUIRUPHG�LQ�DQ�DOO�RU�QRWKLQJ�IDVKLRQ�DQG�LVRODWHG�IURP�FRQFXUUHQW�XVHUV���7KH�VHUYHU

FDQ�EH�WDLORUHG�G\QDPLFDOO\�WR�DSSO\�PRUH�VRSKLVWLFDWHG�FRQFXUUHQF\�FRQWURO�SROLFLHV�DSSURSULDWH�IRU�FROODERUDWLRQ�

7KH�WUDQVDFWLRQ�VHUYHU�DOVR�VXSSRUWV�DSSOLFDWLRQV�HPSOR\LQJ� LQIRUPDWLRQ�UHVRXUFHV�RWKHU� WKDQ�ZHE�VHUYHUV��VXFK�DV

OHJDF\�GDWDEDVHV��&25%$�REMHFWV�� DQG�RWKHU�K\SHUPHGLD� V\VWHPV�� � �2XU� LPSOHPHQWDWLRQ�SHUPLWV� D�ZLGH� UDQJH�RI

V\VWHP�DUFKLWHFWXUH�VW\OHV�

.(<:25'6��'LVWULEXWHG�7UDQVDFWLRQV��([WHQGHG�7UDQVDFWLRQ�0RGHOV��:::��&RPSXWHU�6XSSRUWHG�&ROODERUDWLYH

:RUN��0LGGOHZDUH

1� Introduction

&RQFXUUHQF\� &RQWURO� �&&�� LV� DQ� HVVHQWLDO� IXQFWLRQDOLW\� RI� FROODERUDWLYH� V\VWHPV� VXFK� DV� &$'�&$0� V\VWHPV�

GLVWULEXWHG�DXWKRULQJ�V\VWHPV��VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV�DQG�K\SHUPHGLD�V\VWHPV���,Q�VXFK�V\VWHPV��XVHUV

FDQ� VLPXOWDQHRXVO\� DFFHVV� WKH� GDWD� REMHFWV�� DQG� WKHLU� DFFHVV� PXVW� EH� FRRUGLQDWHG� LQ� RUGHU� WR� PDLQWDLQ� GDWD

FRQVLVWHQF\�DQG�WKH�FRUUHFW�VHPDQWLFV�RI�XVHU�RSHUDWLRQV�
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7KH�FRQFHSW�RI�WUDQVDFWLRQV�>��@�IURP�GDWDEDVH�V\VWHPV�JLYHV�PRVW�RI�WKH�IHDWXUHV�QHHGHG�E\� WKH�EXLOGHUV�RI� WKHVH

FROODERUDWLYH� V\VWHPV�� VXFK� DV� DWRPLF� RSHUDWLRQV�� ORFNLQJ�� DQG� FUDVK� UHFRYHU\�� �%XW� WKHVH� V\VWHPV� VKRXOG� DOVR� EH

HQKDQFHG� E\� H[WHQVLEOH� &&� SROLFLHV� EH\RQG� WKH� WUDGLWLRQDO� WUDQVDFWLRQV� GXH� WR� WKH� ORQJ�GXUDWLRQ�� LQWHUDFWLYH� DQG

RSHQ�HQGHG�QDWXUH�RI�WKH�WDVNV�SHUIRUPHG���([WHQVLRQV�IRU�PXOWL�SDUWLFLSDQW�WDVNV�FDQ�UDQJH�IURP�WKH�SHUVLVWHQW�ORFNV

RI�WKH�FKHFN�RXW�FKHFN�LQ�PRGHO�WR�VKDUHG�ORFNV�IRU�FORVHO\�FRRSHUDWLQJ�XVHUV��WR�D�VRSKLVWLFDWHG�LPSOHPHQWDWLRQ�RI

RQH�RI�WKH�([WHQGHG�7UDQVDFWLRQ�0RGHOV��(70��SURSRVHG�LQ�WKH�OLWHUDWXUH�>��@���([LVWLQJ�V\VWHPV�XVXDOO\�HPSOR\�WKH

&&�IHDWXUHV�RI�WKH�XQGHUO\LQJ�VWRUDJH�IDFLOLW\��QRUPDOO\�D�GDWDEDVH�V\VWHP�>���������@���7KH�&&�IHDWXUHV�EXLOW�LQWR�WKH

GDWDEDVH�PLJKW�WKHQ�EH�FXVWRPL]HG�WR�WKH�QHHGV�RI�WKH�VSHFLILF�DSSOLFDWLRQ�

7KH� :::� LV� E\� IDU� WKH� ODUJHVW� DQG� PRVW� SRSXODU� GLVWULEXWHG� K\SHUPHGLD� V\VWHP�� DQG� YHU\� DWWUDFWLYH� DV� DQ

LQIUDVWUXFWXUH� IRU�D�YDULHW\�RI�DSSOLFDWLRQV�� �%XLOGLQJ�&ROODERUDWLYH�+\SHUPHGLD�6\VWHPV� >�@��&6&:�6\VWHPV� >�@�

DQG�:RUNIORZ�6\VWHPV�>��@�RQ�WRS�RI�:::�KDYH�EHHQ�UHVHDUFK�WRSLFV�IRU�VHYHUDO�\HDUV�DQG�KDYH�UHFHQWO\�PRYHG

LQWR�WKH�FRPPHUFLDO�DUHQD�

+RZHYHU�� WKH�&&� IHDWXUHV� WKDW� DUH� UHTXLUHG�E\� VXFK� FROODERUDWLYH� V\VWHPV� DUH�PLVVLQJ� IURP�PRVW�:::�VHUYHUV�

7KHUH� LV� QR� VWDQGDUG� XQGHUO\LQJ� GDWDEDVH� V\VWHP�� LQGHHG��PRVW� ZHE� VHUYHUV� VWRUH� WKHLU� SDJHV� GLUHFWO\� LQ� WKH� ILOH

V\VWHP���)XUWKHU��PRVW�ZHE�VHUYHUV�DUH�LQWHQGHG�DV�PHUHO\�UHDG�RQO\�GDWD�VRXUFHV��WKH�K\SHUPHGLD�VWRUHG�LQ�WKHP�FDQ

EH�PRGLILHG�RQO\�YLD�WKH�XQGHUO\LQJ�ILOH�V\VWHP��QRW�WKURXJK�WKH�ZHE�LQWHUIDFH��L�H���+773���2QO\�D�IHZ�ZHE�VHUYHUV

�VXFK�DV�MLJVDZ�>��@�IURP�:�&��DOORZ�WKH�387�PHWKRG��DQG�WKXV�VXSSRUW�XSGDWHV�YLD�+773��HYHQ�WKRXJK�387�LV

GHILQHG�LQ�WKH�RULJLQDO�+773�VSHFLILFDWLRQ�>��@�

7KHUH� KDYH� EHHQ� DWWHPSWV� WR� EXLOG� &&� FDSDELOLWLHV� VXFK� DV� ORFNLQJ�� FKHFN�RXW�FKHFN�LQ�� DQG� HYHQ� GLVWULEXWHG

WUDQVDFWLRQV� LQWR� WKH�:::� LQIUDVWUXFWXUH�� �7KHUH� DUH� WZR�PDMRU� DSSURDFKHV�� FDWHJRUL]HG� DFFRUGLQJ� WR�ZKHUH� WKH

EXON� RI� WKH� IXQFWLRQDOLW\� LV� SODFHG�� WKH� VHUYHU� VLGH� RU� WKH� FOLHQW� VLGH�� � 7KH� VHUYHU� DSSURDFK� >��@� LQWURGXFHV� &&

IXQFWLRQDOLW\� LQWR� WKH� ZHE� VHUYHUV� VR� WKDW� WKH� FOLHQWV� FDQ� H[SOLFLWO\� VXEPLW� RSHUDWLRQV� DV� SDUW� RI� D� WUDQVDFWLRQ�� D

FROOHFWLRQ�RI�FRRSHUDWLQJ�ZHE�VHUYHUV�FDQ�WKHQ�UHDOL]H�GLVWULEXWHG�WUDQVDFWLRQV���7KH�FOLHQW�DSSURDFK�>������@�SODFHV

&&�SROLFLHV�LQWR�WKH�FOLHQWV��EXW�VWLOO�RIWHQ�UHTXLUHV�WKH�VHUYHUV�WR�SURYLGH�YHU\�EDVLF�&&�EXLOGLQJ�EORFNV�VXFK�DV�ORFNV

RU�YHUVLRQV�

1HLWKHU�RI�WKHVH�DSSURDFKHV�DGGUHVVHV�WKH�SUREOHP�RI�KRZ�WR�G\QDPLFDOO\�H[WHQG�WKH�UDQJH�RI�&&�SROLFLHV�DYDLODEOH

WR�DSSOLFDWLRQV��,Q�WKH�UHDOP�RI�FROODERUDWLYH�V\VWHPV��KDUG�ZLULQJ�&&�SROLFLHV�LQWR�HLWKHU�WKH�VHUYHU�RU�FOLHQW�JUHDWO\

OLPLWV� VFDODELOLW\� DQG� IOH[LELOLW\�� �)RU� H[DPSOH�� OHW� XV� FRQVLGHU� D�ZHE� VHUYHU� WKDW� LPSOHPHQWV� D� VHW� RI�&&�SROLFLHV

QHHGHG�E\�D�6RIWZDUH�'HYHORSPHQW�(QYLURQPHQW��6'(����,W�PLJKW�KDYH�VSHFLILF�UXOHV�VXFK�DV�ZKHQHYHU�VRPHRQH�LV

FKDQJLQJ�D�GHVLJQ�GRFXPHQW��RWKHU�XVHUV�VKRXOG�JHW�D�FRS\�RI�WKH�ZRUNLQJ�GUDIW�ZKHQ�WKH\�WU\�WR�UHDG�WKH�GRFXPHQW�

+RZHYHU��ZKHQ�D�&$'�V\VWHP�VKDUHV�WKH�VHUYHU�ZLWK�WKH�6'(��LW�ZDQWV�WR�OHW�LWV�XVHUV�VHH�RQO\�WKH�VWDEOH�YHUVLRQ�RI

WKH�GHVLJQ�GRFXPHQW�LQVWHDG����7KH�ZHE�VHUYHU�WKDW�KDV�EHHQ�EXLOW�IRU�WKH�6'(�ZRXOG�QRW�DOORZ�VXFK�IOH[LELOLW\�
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:H�SUHVHQW� D� WKLUG��PLGGOHZDUH� DSSURDFK��&&�SROLFLHV� DUH� UHDOL]HG� LQ� D� QHZ� FRPSRQHQW�� WKH� H[WHUQDO� WUDQVDFWLRQ

VHUYHU���7KH�FOLHQWV�PDNH�UHTXHVWV�WR�WKH�WUDQVDFWLRQ�VHUYHU��ZKLFK�FDUULHV�RXW�WKH�FRQFXUUHQF\�FRQWURO�SROLFLHV�LQ�WKH

SURFHVV�RI�REWDLQLQJ� WKH�GDWD� IURP� WKH�ZHE� VHUYHUV�RQ�EHKDOI� RI� WKH� FOLHQWV�� �7KH�ZHE� VHUYHUV� DUH�QRW� UHTXLUHG� WR

SURYLGH�DQ\�&&�VXSSRUW�DW�DOO��DOWKRXJK�DQ\�VXSSRUW� WKH\�GR�KDSSHQ�WR�SURYLGH�FDQ�DOVR�EH�H[SORLWHG�� �7KH�PDMRU

DGYDQWDJHV�RI�WKLV�DSSURDFK�DUH�

�� 7KH�WUDQVDFWLRQ�VHUYHU�FDQ�HDVLO\�EH�WDLORUHG�WR�DSSO\�WKH�GHVLUHG�&&�SROLFLHV�RI�VSHFLILF�FOLHQW�DSSOLFDWLRQV�

�� 7KH�DSSURDFK�GRHV�QRW�UHTXLUH�DQ\�FKDQJHV�WR�HLWKHU�WKH�VHUYHUV�RU�WKH�FOLHQWV�LQ�RUGHU�WR�VXSSRUW�WKH�VWDQGDUG

WUDQVDFWLRQ�PRGHO��EXW�LW�FDQ�H[SORLW�DQ\�&&�IHDWXUHV�WKH�VHUYHUV�RU�FOLHQWV�GR�SURYLGH�WR�DFFRPSOLVK�PRUH

VRSKLVWLFDWHG�&&�SROLFLHV�� �7KH� WUDQVDFWLRQ�ERXQGDU\�GHOLPLWDWLRQ�FRXOG�HLWKHU�EH�GRQH�DXWRPDWLFDOO\�E\�D

WKLUG�SDUW\�V\VWHP��VXFK�DV�D�SUR[\��DV�ZH�GLVFXVV�LQ�VHFWLRQ��������RU�E\�WKH�FOLHQW�

�� &RRUGLQDWLRQ�DPRQJ�FOLHQWV�WKDW�VKDUH�GDWD�EXW�KDYH�GLIIHUHQW�&&�SROLFLHV�LV�SRVVLEOH�LI�DOO�RI�WKH�FOLHQWV�XVH

WKH�VDPH�WUDQVDFWLRQ�VHUYHU��RU��LQ�SODQQHG�IXWXUH�ZRUN��DOOLHG�WUDQVDFWLRQ�VHUYHUV��

7KLV�DSSURDFK�KDV� LWV�RZQ�FKDOOHQJHV� DQG� OLPLWDWLRQV�� WKRXJK�� ,W�PXVW�RSHUDWH� WRJHWKHU�ZLWK�GLIIHUHQW�ZHE� VHUYHUV

VXSSRUWLQJ� GLIIHUHQW� &&� FDSDELOLWLHV� DQG�RU� GLIIHUHQW� YDULDQWV� RI� +773�� DQG� PD\� QHHG� WR� �VSHDN�� QRQ�+773

FRPPXQLFDWLRQ� SURWRFROV� WR� HQFRPSDVV� LQIRUPDWLRQ� UHVRXUFHV� RWKHU� WKDQ� VWDQGDUG� ZHE� VHUYHUV�� � 7KH� WUDQVDFWLRQ

VHUYHU� PXVW� KDYH� WKH� FDSDELOLW\� RI� EHLQJ� FXVWRPL]HG� G\QDPLFDOO\� WR� VXSSRUW� WKH� &&� SROLFLHV� QHHGHG� E\� WKH

DSSOLFDWLRQV���$QG��PRVW�VHYHUH��VLQFH�WKH�WUDQVDFWLRQ�VHUYHU�LV�RXWVLGH�RI�DQG�LQGHSHQGHQW�IURP�WKH�ZHE�VHUYHUV�DQG

RWKHU� LQIRUPDWLRQ� UHVRXUFHV�� WKH� WUDQVDFWLRQ� VHUYHU� KDV� QR� ILUP� FRQWURO� RYHU� WKH� GDWD� DQG� WKXV� GDWD� FRQVLVWHQF\

JXDUDQWHH�LV�KDUG�WR�DFKLHYH��VHH�6HFWLRQ��������

:H�SUHVHQW� D�SURWRW\SH� WUDQVDFWLRQ� VHUYHU�� FDOOHG�-3HUQ/LWH��ZKLFK� VROYHV� DOO� H[FHSW� WKH� ODVW� SUREOHP�±�ZKLFK� LV

LPSRVVLEOH�WR�VROYH�LQ�WKH�JHQHUDO�FDVH�ZLWKRXW�FKDQJLQJ�WR�WKH�VHUYHUV���,Q�WKH�IROORZLQJ�VHFWLRQV��ZH�ILUVW�DQDO\]H

WKH� QHHG� IRU� H[WHQVLEOH� &&� SROLFLHV� DQG� LQGHSHQGHQW� &&� FRPSRQHQWV� IRU� ZHE�EDVHG� FROODERUDWLYH� K\SHUPHGLD

V\VWHPV���7KHQ�ZH�LQWURGXFH�WKH�H[WHUQDO�WUDQVDFWLRQ�VHUYLFH�PRGHO��DQG�RXU�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�-3HUQ/LWH�

IROORZHG�E\�D�GLVFXVVLRQ�RI�VRPH�LVVXHV�LGHQWLILHG�E\�RXU�UHVHDUFK�

2� Requirements Analysis

:H� DQDO\]H� WKH� UHTXLUHPHQWV� IURP� WZR� VLGHV�� WKH� IHDWXUHV� QHHGHG� E\� FROODERUDWLYH� V\VWHPV� LQ� JHQHUDO�� DQG� WKH

VSHFLILF�FDSDELOLWLHV�QHHGHG�WR�H[SORLW�:::�DV�WKH�SULPDU\�LQIRUPDWLRQ�UHVRXUFH�

2.1� CC Features Required by Collaborative Systems

7KH�FRQFXUUHQF\�FRQWURO� IHDWXUHV� UHTXLUHG� IRU� FROODERUDWLYH� V\VWHPV�� HVSHFLDOO\� WKRVH� IRU�K\SHUPHGLD� V\VWHPV�DQG

VRIWZDUH�GHYHORSPHQW�HQYLURQPHQWV��KDYH�EHHQ�LGHQWLILHG�LQ�>�����@�

�� (YHQW�QRWLILFDWLRQ��QRWLI\LQJ�FROODERUDWLQJ�XVHUV�RI�GDWD�RSHUDWLRQV�WKDW�PD\�LQWHUHVW�WKHP�
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�� )LQH�JUDLQHG�QRWLILFDWLRQ��WKH�DELOLW\�WR�GLVWLQJXLVK�RSHUDWLRQV�RQ�LQGLYLGXDO�DWWULEXWHV�RI�D�GDWXP�

�� 8VHU�FRQWUROOHG� ORFNLQJ�� ORFNLQJ� LV�GRQH�H[SOLFLWO\�E\� WKH�XVHUV�RU�DSSOLFDWLRQV��QRW� LPSOLFLWO\�E\� WKH�GDWD

VRXUFHV���,Q�VXFK�V\VWHPV��WKH�VHPDQWLFV�RI�DQ�RSHUDWLRQ��H�J��FKHFN�RXW�D�GRFXPHQW��LV�RQO\�XQGHUVWRRG�E\

WKH�FOLHQW�RU�HYHQ�WKH�KXPDQ�XVHU���7KHUHIRUH�WKH�EDFNHQG�GDWD�VRXUFH�ZRXOGQ
W�NQRZ�ZKDW�ORFNV�WR�SXW�RQ

ZKHQ�VXFK�DQ�RSHUDWLRQ�LV�UHTXHVWHG�

�� )LQH�JUDLQHG�ORFNLQJ��ORFNLQJ�SDUW�RI�D�GDWXP�

�� 6KDUHG�ORFNV��DOORZLQJ�FROODERUDWLQJ�XVHUV�WR�KROG�ORFNV�WKDW�DUH�QRUPDOO\�FRQVLGHUHG�FRQIOLFWLQJ��H�J���WZR

ZULWH�ORFNV��RU�D�UHDG�DQG�D�ZULWH�ORFN��

�� 3HUVLVWHQF\�� FROODERUDWLRQ� LQIRUPDWLRQ�VXFK�DV� WKH� VWDWH�RI�RQ�JRLQJ� WUDQVDFWLRQV� VKRXOG�EH�SHUVLVWHQW�� L�H��

VXUYLYH�IDLOXUHV��VR�WKDW�WKH�FOLHQWV�FDQ�UHFRYHU�IURP�VHUYHU�FUDVKHV�ZLWKRXW�ORVLQJ�YDOXDEOH�ZRUN�������PRVW

WUDQVDFWLRQ�PDQDJHUV�UROO�EDFN�LQ�SURJUHVV�ZRUN�WR�LWV�LQLWLDO�VWDWH�DIWHU�D�IDLOXUH��

�� 6\QHUJLVWLF�FRRSHUDWLRQ��VHYHUDO�XVHUV�PLJKW�KDYH�WR�H[FKDQJH�NQRZOHGJH��L�H���VKDUH�LW�FROOHFWLYHO\��LQ�RUGHU

WR�EH�DEOH�WR�FRQWLQXH�WKHLU�ZRUN���7KHVH�XVHUV�PD\�SDVV�VKDUHG�REMHFWV�EDFN�DQG�IRUWK�LQ�D�ZD\�WKDW�FDQQRW

EH�DFKLHYHG�E\�D�VHULDO�VFKHGXOH�

2.2� Requirements Imposed by the WWW

,Q� DGGLWLRQ� WR� WKHVH� UHTXLUHPHQWV�� H[WHQVLELOLW\� RI�&&�SROLFLHV� LV� DOVR� YHU\� LPSRUWDQW� IRU�ZHE�EDVHG� FROODERUDWLYH

V\VWHPV�� �:KHQ� D� WUDGLWLRQDO� GDWDEDVH� LV� XVHG� DV� WKH� VWRUDJH�� LW� LV� OLNHO\� WR� EH� GHGLFDWHG� WR� RQH� RU� D� IHZ� NQRZQ

DSSOLFDWLRQV��WKHUHIRUH�RQH�FRXOG�KDUGZLUH�WKH�GHVLUHG�&&�SROLF\�LHV��LQWR�WKHP���+RZHYHU��D�ZHE�VHUYHU�LV�OLNHO\�WR

EH�XWLOL]HG�E\�PXOWLSOH�XQUHODWHG�DSSOLFDWLRQV��ZKLFK�PLJKW�EH�XQNQRZQ�WR�WKH�ZHEVLWH�DGPLQLVWUDWRUV�� � ,Q�IDFW�� WKH

DSSOLFDWLRQV� WKHPVHOYHV�PLJKW� QRW� NQRZ� LQ� DGYDQFH�ZKLFK�ZHEVLWHV� ZLOO� EH� DFFHVVHG�� � 6R� WKH� &&� SROLFLHV� WKHVH

DSSOLFDWLRQV�PLJKW�UHTXLUH�FDQQRW�EH�NQRZQ�WR�WKH�UHTXLVLWH�ZHE�VHUYHUV�D�SULRUL���7KXV�LW�LV�QHFHVVDU\�WR�EH�DEOH�WR

H[WHQG�WKH�VXSSRUWHG�&&�SROLFLHV�G\QDPLFDOO\��ZKLOH�FROODERUDWLYH�V\VWHPV�DUH�RSHUDWLQJ�

%XLOGLQJ� FROODERUDWLYH� V\VWHPV� RQ� WRS� RI� :::� �DV� RSSRVHG� WR� GHGLFDWHG� GDWDEDVHV�� DOVR� EULQJV� WKH� IROORZLQJ

UHTXLUHPHQWV�EHFDXVH�RI�WKH�SHFXOLDULWLHV�RI�WKH�:::�LQIUDVWUXFWXUH�

2.2.1� Large Scale and Heterogeneity

:LWK�PRUH� WKDQ� WZR�PLOOLRQ�ZHEVLWHV� >��@�DQG�KXQGUHGV�RI�PLOOLRQV�RI�ZHE�SDJHV��:::�LV�RUGHUV�RI�PDJQLWXGH

ODUJHU�WKDQ�DQ\�RWKHU�H[LVWLQJ�GLVWULEXWHG�GDWDEDVH�LQ�ERWK�WKH�QXPEHU�RI�REMHFWV�DQG�WKH�QXPEHU�RI�VLWHV���7KHUHIRUH�

WKH�DELOLW\� WR�VFDOH�XS� WR�D�KXJH�QXPEHU�RI�SDUWLFLSDWLQJ�VLWHV� LV�FULWLFDO� WR�D�FROODERUDWLYH�K\SHUPHGLD� V\VWHP� WKDW

LQWHQGV�WR�DSSO\�WR�:::�LQ�JHQHUDO��EH\RQG�D�IHZ�VSHFLDOL]HG�ZHE�VHUYHUV�

$OWKRXJK� DOO� ZHE� VHUYHUV� VSHDN� +773�� WKH� NLQG� RI� &&� VXSSRUW� WKH\� SURYLGH�� LI� DQ\�� FDQ� EH� YHU\� GLIIHUHQW�

)XUWKHUPRUH��VRPH�OHJDF\�GDWDEDVH�V\VWHPV�KDYH�EHHQ�PRGLILHG�WR�UHVSRQG�WR�+773�UHTXHVWV�>��@��PDNLQJ�WKH�VHW�RI
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DSSDUHQW�ZHE�VHUYHUV�PRUH�GLYHUVH���%HFDXVH�WKH�GDWD�DQ�DSSOLFDWLRQ�DFFHVVHV�PD\�EH�VWRUHG�LQ�PDQ\�GLIIHUHQW�NLQGV

RI�UHSRVLWRULHV��DQ�DSSOLFDWLRQ�VKRXOG�QRW�EH�KDUG�ZLUHG�WR�DVVXPH�DQ\�VSHFLILF�FDSDELOLWLHV�IURP�LWV�GDWD�VRXUFHV��LQ

SDUWLFXODU��FRPPXQLFDWLRQ�SURWRFROV�DQG�&&�IHDWXUHV�

$OVR��ZHE�VHUYHUV�DUH�GLVWULEXWHG�DURXQG�WKH�ZRUOG�DQG�WKH�JOREDO�QHWZRUN�LV�IDU�OHVV�VWDEOH�DQG�UHOLDEOH�WKDQ�D�ORFDO

DUHD�QHWZRUN�LQ�WHUPV�RI�URXQG�WULS�GHOD\�DQG�DFFHVVLELOLW\���7KH�WUDGLWLRQDO�UHFRYHU\�DOJRULWKPV�PLJKW�QRW�ZRUN�ZHOO

XQGHU� VXFK� FLUFXPVWDQFHV�� � )RU� H[DPSOH�� UROOLQJ� EDFN� RSHUDWLRQV� E\� UHZULWLQJ� WKH� YDOXH� RI� HDFK�PRGLILHG� REMHFW

ZRXOG�EH�PXFK�PRUH�H[SHQVLYH�WKDQ�LQ�D�ORFDO�GDWDEDVH�FDVH��DQG�DQ�DSSOLFDWLRQ�VKRXOG�FRQVLGHU�XVLQJ�DQ\�³XQGR´�RU

RWKHU�UHOHYDQW�IDFLOLWLHV�RIIHUHG�E\�WKH�GDWD�VRXUFHV�

2.2.2� Distributed CC Support

:HE�VHUYHUV�DUH�PRYLQJ� WRZDUGV� VXSSRUWLQJ�XSGDWHV� �L�H��� WKH�+773�387�PHWKRG�� LQ� DGGLWLRQ� WR� UHDGV� DQG�SRVWV

�L�H��� IRUP� VXEPLVVLRQ� IRU� SURFHVVLQJ� E\� &*,� VFULSWV��� � +RZHYHU�� PRVW� PDLQVWUHDP� VHUYHUV� VWLOO� GR� QRW� VXSSRUW

GLVWULEXWHG�&&�IHDWXUHV�VXFK�DV�

�� 'LVWULEXWHG� FRPPLWPHQW� SURWRFRO�� H�J��� WKH� FRQYHQWLRQDO� WZR�SKDVH� FRPPLW�� WR� VXSSRUW� WUDQVDFWLRQV� WKDW

LQFOXGH�DFFHVVHV�WR�PXOWLSOH�ZHEVLWHV�

�� )DLOXUH� UHFRYHU\� DOJRULWKPV�� HVSHFLDOO\� FOLHQW�VLGH� UHFRYHU\� WR� UHVWRUH� FRQVLVWHQW� VWDWH� LQ� WKH� FOLHQW

DSSOLFDWLRQ�

�� :HE�SDJH�ORFNLQJ��WR�SUHYHQW�XQLQWHQGHG�RYHUZULWHV�DQG�GLUW\�UHDGV��DQG�YHUVLRQLQJ��WR�SHUPLW�RWKHU�XVHUV�WR

DFFHVV�DQ�ROGHU�YHUVLRQ��H�J���ZKLOH�WKH�ODWHVW�YHUVLRQ�LV�ORFNHG�

2.2.3� Application Semantics

7KH�GDWD�PRGHO�RI�:::�LV�YHU\�VLPSOH��HYHU\WKLQJ�LV�D�ZHE�GRFXPHQW�WKDW�FDQ�EH�UHDG�DQG�ZULWWHQ��ZLWK�WKH�PDLQ

�W\SLQJ��HPEHGGHG�LQ�ILOHQDPH�H[WHQVLRQV�DQG�0,0(�W\SHV� LQGLFDWLQJ� WKH�DSSURSULDWH�YLHZHU�SOXJ�LQV�� �+RZHYHU�

IRU�D�ZHE�EDVHG�FROODERUDWLYH�V\VWHP��D�VHPDQWLFDOO\�ULFKHU�GDWD�PRGHO��LQFOXGLQJ�D�EURDGHU�UDQJH�RI�RSHUDWLRQV�WKDW

FDQ�EH�SHUIRUPHG�RQ� WKH�GDWD�� LV�GHVLUHG�� �)RU�H[DPSOH��D�ZHE�EDVHG�VRIWZDUH�GHYHORSPHQW�HQYLURQPHQW�SUREDEO\

ZDQWV� WR� PRGHO� ZHE� GRFXPHQWV� DV� VRXUFH� FRGH�� GHVLJQ� GRFXPHQW�� WHVW� UHSRUW�� FRGH� LQVSHFWLRQ� UHSRUW�� HWF��� HYHQ

WKRXJK�WKHVH�PD\�DOO�EH�WKH�VDPH�³W\SH´�IURP�WKH�ZHE�EURZVHU
V�SHUVSHFWLYH��H�J���WH[W�RU�+70/��

,Q� WKH� IROORZLQJ� VHFWLRQ�� ZH� GHVFULEH� UHODWHG� ZRUN� WKDW� DGGUHVVHV� SDUW� RI� WKH� FRQFXUUHQF\� FRQWURO� SUREOHP� E\

VDWLVI\LQJ�D�IHZ�RI� WKH�DERYH�UHTXLUHPHQWV��2XU�RZQ�ZRUN�FRQFHQWUDWHV�RQ�H[WHQVLEOH�&&�SROLFLHV�DQG�DSSOLFDWLRQ

VHPDQWLFV��ZKLOH�WKH�VFDOLQJ�DQG�KHWHURJHQHLW\�SUREOHPV�DUH�DGGUHVVHG�WR�D�OHVVHU�H[WHQW�

3� Related Work
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3.1� Three-Tier Architecture Transaction Servers

,Q�D�7KUHH�7LHU�$UFKLWHFWXUH��FOLHQW��GDWD�VRXUFH�DQG�DSSOLFDWLRQ�ORJLF�DUH�VHSDUDWHG�DQG�LPSOHPHQWHG�DV�LQGHSHQGHQW

FRPSRQHQWV� RI� D� V\VWHP�� � 7KH� DSSOLFDWLRQ� ORJLF� LQFOXGHV� 7UDQVDFWLRQ� 3URFHVVLQJ� �73�� PRQLWRUV� LQ� VRPH� FDVHV�

6HSDUDWLQJ�WKH�WUDQVDFWLRQ�PDQDJHU�IURP�WKH�FOLHQWV�DQG�WKH�GDWD�VRXUFHV�PDNHV�LW�PRUH�IOH[LEOH�DQG�VFDODEOH��ZKLFK

LV�WKH�VDPH�LQ�RXU�DSSURDFK���+RZHYHU��WKHVH�73�PRQLWRUV�GR�QRW�DGGUHVV�WKH�QHHG�IRU�(70V�

3.1.1� Encina and Tuxedo

(QFLQD��ZKLFK� LV� QRZ�SDUW� RI� ,%0�7;6HULHV���� >��@�� LV� EDVHG� RQ�2SHQ�6RIWZDUH�)RXQGDWLRQ
V� �26)��'LVWULEXWHG

&RPSXWLQJ�(QYLURQPHQW� �'&(��VWDQGDUG�� � �7;6HULHV�SURYLGHV�FRQFXUUHQF\�FRQWURO�� WUDQVDFWLRQ�PDQDJHPHQW�� GDWD

PRGHOLQJ�DQG�DSSOLFDWLRQ�GLVWULEXWLRQ� WKURXJK� LWV� WRRONLWV�� �7KH�(QFLQD�0RQLWRU� LV� D� IXOO�IHDWXUHG�73�PRQLWRU� WKDW

FRQWUROV� DQG� PRQLWRUV� DSSOLFDWLRQV� LQ� D� GLVWULEXWHG� HQYLURQPHQW�� � ,W� DOORZV� VHUYHUV� WR� EH� UHSOLFDWHG� WR� LQFUHDVH

DYDLODELOLW\�DQG�SHUIRUPDQFH�DQG�VXSSRUWV�ORDG�EDODQFLQJ�DQG�DXWRPDWLF�UHVWDUW�RI�IDLOHG�DSSOLFDWLRQ�VHUYHUV�

%($�7X[HGR�>�@��DQRWKHU�73�PRQLWRU��RIIHUV�ERWK� OLEUDU\�EDVHG�DQG�ODQJXDJH�EDVHG�SURJUDPPLQJ�LQWHUIDFHV� WR� LWV

FOLHQWV���7KH�OLEUDU\�EDVHG�$3,��WKH�$SSOLFDWLRQ�WR�7UDQVDFWLRQ�0DQDJHU�,QWHUIDFH��$70,���LV�D�VXSHUVHW�RI�;�2SHQ

;$70,� >��@� SURYLGHG� LQ�&� RU�&2%2/� OLEUDULHV�� WKH� ODQJXDJH�EDVHG� LQWHUIDFH� LV� DQ�53&� IDFLOLW\� FDOOHG�7[53&�

%RWK�LQWHUIDFHV�SURYLGH�WKUHH�PDMRU�WUDQVDFWLRQ�SULPLWLYHV��WSEHJLQ��WSFRPPLW�DQG�WSDERUW���7KH�$3,�VHW�DOVR

DOORZV� RQH� WR� XVH� V\QFKURQRXV�� DV\QFKURQRXV�� SLSHOLQHG�� IRUZDUGHG�� TXHXHG�� DQG� FRQYHUVDWLRQDO� PHFKDQLVPV� WR

VWUXFWXUH�WKH�GLVWULEXWHG�DSSOLFDWLRQV�� �,Q�DGGLWLRQ�WR�WUDQVDFWLRQ�PDQDJHPHQW��%($�7X[HGR�DOVR� LQWHJUDWHV�YDULRXV

HVVHQWLDO�VHUYLFHV��VXFK�DV�QDPH�VHUYLFH��HYHQW�VHUYLFH��TXHXLQJ�VHUYLFH��VHFXULW\�PDQDJHPHQW�DQG�ORDG�EDODQFLQJ�

7KHVH�73�PRQLWRUV� TXDOLI\� DV� �([WHUQDO�7UDQVDFWLRQ�0DQDJHU�� DV�ZH� GHILQH� ODWHU� LQ� 6HFWLRQ� ����� LQ� WKDW� WKH\� DUH

WKLUG�SDUW\�FRPSRQHQWV�WKDW�RSHUDWHV�LQGHSHQGHQW�RI�GDWD�VRXUFH�DQG�FOLHQWV���+RZHYHU��EHFDXVH�WKH\�GR�QRW�VXSSRUW

(70V�� WKH� DSSOLFDWLRQV� EXLOW� RQ� WRS� RI� WKHP� LV� OLPLWHG� WR� XVH� WKH� DWRPLF� WUDQVDFWLRQ�PRGHOV�� DQG� WKXV� HQMR\� OHVV

IOH[LELOLW\�LQ�WUDQVDFWLRQ�PDQDJHPHQW�

3.1.2� Object Management Group OTS and Implementations

7KH�2EMHFW� 7UDQVDFWLRQ� 6HUYLFH� �276�� VSHFLILFDWLRQ� >��@� LV� RQH� RI� WKH� &25%$� >��@� VHUYLFHV� GHILQHG� E\�20*�

7UDQVDFWLRQDO�REMHFWV�WKDW�NQRZ�KRZ�WR�SDUWLFLSDWH�LQ�GLVWULEXWHG�WZR�SKDVH�FRPPLW�DQG�HQIRUFH�$&,'�WUDQVDFWLRQV

DUH�WKH�EXLOGLQJ�EORFNV�RI�WKH�VHUYLFH�WR�WKH�WUDQVDFWLRQDO�FOLHQWV���7KH�WUDQVDFWLRQ�VHUYLFH�LVVXHV�WUDQVDFWLRQ�FRQWH[W

REMHFWV� WKDW�DUH�XVHG� LQ� IXUWKHU� WUDQVDFWLRQ�RSHUDWLRQV� WR� LGHQWLI\� WUDQVDFWLRQV�� DQG� VHSDUDWH� WUDQVDFWLRQ�ERXQGDULHV

�L�H���GHOLPLW�RSHUDWLRQV�WKDW�EHORQJ�WR�GLIIHUHQW�WUDQVDFWLRQV��� �7KH� WUDQVDFWLRQDO�REMHFWV�XVH�5HFRYHUDEOH�5HVRXUFH

2EMHFWV��552��WKDW�NQRZ�KRZ�WR�UROOEDFN�FKDQJHV�LQ�FDVH�RI�D�WUDQVDFWLRQ�DERUW���,I�WKH�GDWD�VRXUFH�LV�UHPRWH�RU�GRHV

QRW�NQRZ�KRZ�WR�UROOEDFN��WKH�552�PXVW�LPSOHPHQW�WKH�UROOEDFN���7KH�276�VHUYLFH�SURYLGHV�DQ�HDV\�WR�XVH�LQWHUIDFH
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WR�WUDQVDFWLRQDO�FOLHQW�SURJUDPPHUV�ZKR�ZDQW�WR�H[HUFLVH�VLPSOH�DWRPLF�IODW�WUDQVDFWLRQV��ZLWK�VXSSRUW�IRU�D�VLPSOH

IRUP�RI�QHVWHG�UROOEDFN���,W�DOVR�SURYLGHV�WUDQVSDUHQW�GLVWULEXWHG�WUDQVDFWLRQ�VXSSRUW��DVVXPLQJ�GLVWULEXWHG�FRPSXWLQJ

FRPPXQLFDWLRQ�WKURXJK�D�&25%$�25%�DQG�RU�,,23�

7KHUH�KDYH�EHHQ�VHYHUDO� LPSOHPHQWDWLRQV�RI�276��KHUH�ZH�GHVFULEH� WZR�PDMRU�RQHV�� IURP�6XQ�0LFURV\VWHPV�DQG

IURP�0LFURVRIW�

(QWHUSULVH�-DYD�%HDQV���(-%��>��@�RI�6XQ�0LFURV\VWHPV�GHILQHV�D�VHW�RI�$3,V�WKDW�WDUJHW�WKH�FUHDWLRQ�RI�FRPSRQHQW�

EDVHG��WUDQVDFWLRQ�RULHQWHG�DSSOLFDWLRQV����-DYD��7UDQVDFWLRQ�$3,��-7$��>��@�LV�UHTXLUHG�E\�(-%�DV�WKH�FOLHQW�VLGH

$3,��ZKLFK�FRQVLVWV�RI�PHWKRGV�WR�H[SOLFLWO\�VWDUW��FRPPLW�DQG�DERUW�WUDQVDFWLRQV���7KH�-DYD��7UDQVDFWLRQ�6HUYLFH

�-76�� >��@� LV� D� ORZHU�OHYHO� $3,� LQWHQGHG� WR� EH� XVHG� E\� VHUYHU� FRPSRQHQW� EXLOGHUV� WR� SURYLGH� WUDQVDFWLRQ�DZDUH

V\VWHP�LQIUDVWUXFWXUH���-76�LV�D�-DYD��PDSSLQJ�RI�20*�276�

076� >��@� LV� WKH� WUDQVDFWLRQ� VHUYLFH� RSWLRQ� SDFNDJH� RI� 0LFURVRIW� :LQGRZV� 17� ���� WKDW� UHDOL]HV� D� WKUHH�WLHU

DUFKLWHFWXUH���7KH�WUDQVDFWLRQ�VHUYLFH�LV�DSSOLHG�WR�FOLHQW�UHTXHVWV�LQ�DQ�LPSOLFLW�ZD\��FDOOHG�DXWRPDWLF�WUDQVDFWLRQV�

(DFK� EDFN� HQG� FRPSRQHQW�� ZKLFK� LPSOHPHQWV� D� PRGXOH� RI� DSSOLFDWLRQ� ORJLF�� LV� PDUNHG� DV� GLIIHUHQW� W\SHV� RI

WUDQVDFWLRQ�VXSSRUW��VXFK�DV�5HTXLUHV�1HZ��5HTXLUHG��6XSSRUWHG��RU�1RW�6XSSRUWHG���%DVHG�RQ�WKH�W\SH��ZKHQ�D

EDFN�HQG�FRPSRQHQW�LV�DFFHVVHG��076�DXWRPDWLFDOO\�VWDUWV��VZLWFKHV��RU�WHPSRUDULO\�JRHV�RXW�RI� WUDQVDFWLRQV�� �)RU

H[DPSOH�� LI� D� FRPSRQHQW� LV�PDUNHG�5HTXLUHG��076�ZRXOG� VWDUW� D� QHZ� WUDQVDFWLRQ� LI� WKH� FXUUHQW� H[HFXWLRQ� LV� QRW

DOUHDG\�HQFRPSDVVHG� LQ�D� WUDQVDFWLRQ�� �7KURXJK�WKH�XVH�RI� WKH�FRPSRQHQW� W\SH�PDNHUV��RQH�FDQ�EXLOG�KLHUDUFKLFDO

WUDQVDFWLRQ�PRGHOV�VXFK�DV�QHVWHG�WUDQVDFWLRQV�

7KHVH�WUDQVDFWLRQ�VHUYHUV�VKDUH�WKH�VDPH�DUFKLWHFWXUH�DV�RXU�DSSURDFK���+RZHYHU��WKH\�VXSSRUW�SULPDULO\�WKH�YDQLOOD�

DWRPLF� WUDQVDFWLRQ� PRGHO�� � 7KH� RQO\� HQKDQFHPHQW� LV� WKDW� WKH� WUDQVDFWLRQV� FDQ� EH� JURXSHG� WRJHWKHU� DV� LQ� QHVWHG

WUDQVDFWLRQV��DQG� WKXV�FDQ�EH� UROOHG�EDFN� LQ� D�QHVWHG� IDVKLRQ�� �2SWLRQV�RI�QHVWHG� WUDQVDFWLRQ�PRGHO� VXFK� DV� ,QWUD�

WUDQVDFWLRQ�SDUDOOHOLVP�DUH�QRW� VXSSRUWHG�� �$QRWKHU�FRPPRQ�FKDUDFWHULVWLF�RI� WKHVH� WUDQVDFWLRQ�VHUYHUV� LV� WKDW� WKH\

DVVXPH� WKH� EDFN� HQG� GDWD� VRXUFH� WR� EH� WUDQVDFWLRQ�DZDUH�� � )RU� H[DPSOH�� UHFRYHU\� �XQGR�� DQG� WZR�SKDVH� FRPPLW

FDSDELOLW\� DUH� UHTXLUHG�� �:LWK� VXFK� UHTXLUHPHQWV�� WKHVH� WUDQVDFWLRQ� VHUYHUV� FDQ� JLYH� VWURQJHU� JXDUDQWHHV� RI� GDWD

FRQVLVWHQF\���2XU�DSSURDFK��RQ�WKH�RWKHU�KDQG��GRHV�QRW�UHTXLUH�WKH�EDFN�HQG�GDWD�WR�SURYLGH�DQ\�SDUWLFXODU�VXSSRUW�

2I�FRXUVH��LI�ZH�ZHUH�WR�LPSRVH�WKH�VDPH�UHTXLUHPHQWV��ZH�FDQ�DFKLHYH�WKH�VDPH�JXDUDQWHHV�

$QRWKHU�LPSRUWDQW�LVVXH�LV�WUDQVDFWLRQ�DZDUHQHVV�RI�WKH�FOLHQWV���,Q�ERWK�(-%�DQG�WKH�FXUUHQW�LPSOHPHQWDWLRQ�RI�RXU

DSSURDFK�� WKH� FOLHQWV� QHHG� WR� H[SOLFLWO\�PDNH� UHTXHVWV� VXFK� DV� EHJLQ� WUDQVDFWLRQ� DQG� FRPPLW� WUDQVDFWLRQ�� � %XW� LQ

076��WKH�FOLHQWV�VLPSO\�DFFHVV�WKH�EDFN�HQG�FRPSRQHQWV�YLD�&20�DQG�WKH�076�DXWRPDWLFDOO\�HQFRPSDVV�WKH�DFFHVV

LQ� WUDQVDFWLRQV�� �7KH� WUDQVDFWLRQ�VWUXFWXUH�DQG�FRQWH[W��DV�ZH�GHVFULEHG�DERYH��DUH� WRWDOO\�GHILQHG�E\� WKH�EDFN�HQG

FRPSRQHQWV�� �2XU�DSSURDFK�FDQ�EH�HQKDQFHG�E\�D�FOLHQW� VLGH�KHOSHU� �VXFK�DV�DQ�DSSOHW�RU�D�EURZVHU�SOXJ�LQ�� WKDW
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PDNHV�WKH�WUDQVDFWLRQ�UHTXHVWV�IRU�D�FOLHQW�WKDW�LV�QRW�WUDQVDFWLRQ�DZDUH�� � �,Q�WKLV�FDVH��WKH�FOLHQW�VLGH�KHOSHU�ZRXOG

QHHG�WR�LQWHUFHSW�WKH�FOLHQW
V�GDWD�UHTXHVWV�DQG�ZUDS�WKHP�LQ�WUDQVDFWLRQV�

3.2� WWW standards and protocols

7KHUH� DUH� YDULRXV�:HE� VWDQGDUGV� DQG� SURWRFROV� DERXW� FRQFXUUHQF\� FRQWURO� DQG� GLVWULEXWHG� WUDQVDFWLRQV�� � � ,Q� RXU

DSSURDFK��ZH�GR�QRW�WU\�WR�PRGLI\�RU�UHSODFH�DQ\�RI�WKHP��EXW�UDWKHU�IROORZ�WKH�VWDQGDUGV�DQG�ZRUN�ZLWK�WKH�FOLHQWV

DQG�VHUYHUV� WKDW�VSHDN�VXFK�SURWRFROV�� � ,Q� WKLV� VHFWLRQ�ZH�PHQWLRQ� WZR�YHU\� LPSRUWDQW�RQHV��:(%'$9�WKDW�GHDOV

ZLWK�FRQFXUUHQF\�FRQWURO�LQ�ZHE�VHUYHUV��DQG�7,3�WKDW�GHDOV�ZLWK�GLVWULEXWHG�WUDQVDFWLRQV�

3.2.1� WEBDAV

:HE�'LVWULEXWHG�$XWKRULQJ�DQG�9HUVLRQLQJ��:(%'$9��>��@�LV�DQ�,QWHUQHW�GUDIW�VWDQGDUG�IRU�ZHE�VHUYHUV�WKDW�LQWHQG

WR�VXSSRUW�ORFNLQJ��DQG�YHUVLRQLQJ��ZKLFK�LV�XQGHU�FRQVWUXFWLRQ��RI�WKHLU�ZHE�SDJHV�� �:(%'$9�GHILQHV�DQ�+773

H[WHQVLRQ� WKDW� WKH�ZHE�VHUYHUV� VKRXOG� VSHDN� LQ�RUGHU� WR�SURYLGH� VXFK� VHUYLFHV�� �$� WUDQVDFWLRQ� VHUYHU� FDQ� OHYHUDJH

WKHVH�IHDWXUHV��ZKHQ�D�WUDQVDFWLRQ�ORFNV�D�ZHE�SDJH��WKH�WUDQVDFWLRQ�VHUYHU�QRW�RQO\�ORFNV�LW�LQWHUQDOO\��EXW�FDQ�DOVR

SODFH�D�UHDO�ORFN�DW�WKH�ZHE�VHUYHU���7KLV�ZD\��HYHQ�FOLHQWV�WKDW�GR�QRW�JR�WKURXJK�WKH�WUDQVDFWLRQ�VHUYHU�DOVR�VKDUH�WKH

FRQFXUUHQF\�FRQWURO�VWDWHV�

$V� RI� WKH� GDWH� RI� ZULWLQJ�� WKHUH� H[LVWV� RQO\� H[SHULPHQWDO� LPSOHPHQWDWLRQV� RI�:(%'$9�� DQG� VRPH� RI� WKHP� DUH

REVROHWH� DFFRUGLQJ� WR� WKH� ODWHVW� :(%'$9� VSHFLILFDWLRQ� >��@�� � +RZHYHU�� VHYHUDO� FRPSDQLHV� DUH� GHYHORSLQJ

:(%'$9�FDSDEOH�SURGXFWV�VXFK�DV�:HE6LWH�'LUHFWRU�IURP�&\EHU7HDPV�>��@���:H�H[SHFW�WR�VHH�PRUH�ZHE�VHUYHUV

VXSSRUWLQJ�:(%'$9�� WKHUHIRUH� KRZ� WR� XWLOL]H� WKH� &&� IHDWXUHV� WKHVH� VHUYHUV� SURYLGH� LV� DQ� LPSRUWDQW� LVVXH� �VHH

VHFWLRQ������

3.2.2� Transaction Internet Protocol (TIP)

7,3� >��@� LV� DQRWKHU� ,QWHUQHW� GUDIW� VWDQGDUG�� � ,W� SURSRVHV� D� VLPSOH� WZR�SKDVH� FRPPLW� SURWRFRO� WR� VXSSRUW� DWRPLF

WUDQVDFWLRQV�DFURVV�GLVWULEXWHG�QRGHV��WKH�7,3�WHUP�IRU�VHUYHUV��RQ�WKH�,QWHUQHW���7KH�WUDQVDFWLRQ�VHUYHU�FDQ�OHYHUDJH

WKH� FRPPLW� SURWRFRO� LPSOHPHQWHG� E\� D� 7,3�FRPSOLDQW� ZHE� VHUYHU� WR� LPSOHPHQW� LWV� RZQ� IRUP� RI� GLVWULEXWHG

WUDQVDFWLRQV��ZKLFK�PLJKW�HQFRPSDVV�QRQ�VWDQGDUG�&&�SROLFLHV��QRW�DGGUHVVHG�E\�7,3����$�VDPSOH�LPSOHPHQWDWLRQ�RI

7,3��WKH�,QWHUQHW�7UDYHO�%XUHDX�>��@��KDV�EHHQ�GHYHORSHG�LQ�7DQGHP��D�GLYLVLRQ�RI�&RPSDT�

3.3� Extended Transaction Modeling Formalisms

,I�RQH�FRXOG�GHILQH�D�FRQFLVH��SRZHUIXO�DQG�H[HFXWDEOH�(70�GHILQLWLRQ�ODQJXDJH�WKDW�FDQ�H[SUHVV�DOO�SRVVLEOH�(70V�

WKH�LPSOHPHQWDWLRQ�RI�WUDQVDFWLRQ�PDQDJHUV�ZRXOG�EH�VLPSOLILHG�WR�ZULWLQJ�D�SURJUDP�LQ�VXFK�ODQJXDJH�DQG�H[HFXWH
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LQ�VXFK�D�ODQJXDJH�PDFKLQH����+RZHYHU��WKH�WZR�PRVW�IDPRXV�ZRUNV�ZH�GHVFULEH�LQ�WKLV�VHFWLRQ��$&7$�DQG�$VVHW�

GLG� QRW� SURYH� WR� VDWLVI\� DOO� RI� WKHVH� QHHGV�� � %RWK� RI� WKHP� DUH� QRW� LPSOHPHQWHG� DQG� QRW� SURYHG� WR� EH� H[WHQVLEOH

HQRXJK�� � ,Q� RXU� DSSURDFK�� ZH� OHW� WKH� (70� GHVLJQHU� WR� GHILQH� (70V� LQ� -DYD�� D� JHQHUDO� SXUSRVH� SURJUDPPLQJ

ODQJXDJH��ZLWK�D�KHOSIXO�WUDQVDFWLRQ�HQJLQH�$3,�

3.3.1� ACTA

$&7$�>��@�LV�D�IUDPHZRUN�WKDW�DOORZV�RQH�WR�VSHFLI\�WKH�HIIHFWV�RI�RQH�WUDQVDFWLRQ�RQ�RWKHU�WUDQVDFWLRQV��KRZ�WKH

WUDQVDFWLRQV�DUH�VWUXFWXUHG��RU�GDWD�LWHPV��KRZ�WKH�GDWD�REMHFWV�DUH�PRGLILHG����,W�LV�D�FRPSUHKHQVLYH�IUDPHZRUN�XVHG

IRU�IRUPDOO\�GHILQLQJ�WKH�SURSHUWLHV�RI�(70V���$&7$�GHILQHV�WUDQVDFWLRQ�PRGHOV�WKURXJK�D[LRPV��RU�LQYDULDQWV��WKDW

PDNH� DVVHUWLRQV� DERXW� WKH� SRVVLEOH� KLVWRULHV� RI� D� SDUWLFXODU� WUDQVDFWLRQ� PRGHO�� � ,W� XVHV� WKH� QRWLRQV� RI� KLVWRU\�

GHSHQGHQF\��YLHZ��FRQIOLFW�DQG�GHOHJDWLRQ�DV�EDVLF�FRQVWUXFWRUV�WR�GHVFULEH�WKH�WUDQVDFWLRQ�HIIHFWV�

7KH� DXWKRUV�RI�$&7$�KDYH�XVHG� LW� WR�GHVFULEH� VHYHUDO�(70V�� LQFOXGLQJ� QHVWHG� WUDQVDFWLRQV� >��@�� 6DJDV� >��@� DQG

6SOLW�-RLQ� WUDQVDFWLRQV� >��@�� � $OWKRXJK� $&7$� LV� XVHIXO� IRU� YDOLGDWLQJ� WUDQVDFWLRQ� PRGHOV�� EHFDXVH� LW� GHILQHV

WUDQVDFWLRQV�LQ�WKH�IRUP�RI�D[LRPV��LW�GRHV�QRW�KHOS�PXFK�LQ�SURGXFLQJ�DQ�RSHUDWLRQDO�WUDQVDFWLRQ�PRGHO�WKDW�VXSSRUWV

WKH�PRGHO�

3.3.2� Asset

$VVHW� �$�6\VWHP� IRU�6XSSRUWLQJ�([WHQGHG�7UDQVDFWLRQV�� >��@�SURSRVHV� D� VHW� RI� WUDQVDFWLRQ� SULPLWLYHV� WKDW� FDQ� EH

XVHG�LQ�ZULWLQJ�DSSOLFDWLRQ�SURJUDPV��� �7KH�WUDQVDFWLRQ�SULPLWLYHV��VXFK�DV�FRPPLW��DERUW��GHOHJDWH�DQG

SHUPLW�� DOORZ� RQH� WR� FUHDWH� WUDQVDFWLRQV�� GHOHJDWH� REMHFWV� EHWZHHQ� WUDQVDFWLRQV� DQG� SHUPLW� GLUW\� UHDGV� DPRQJ

WKHP���,W�KDV�EHHQ�VKRZQ�LQ�>��@�WKDW�VHYHUDO�NLQGV�RI�(70V�FDQ�EH�LPSOHPHQWHG�ZLWK�WKLV�VHW�RI�SULPLWLYHV�

,Q�WKH�$VVHW�DSSURDFK��WUDQVDFWLRQ�PRGHOV�DUH�FRGHG�LQWR�WKH�DSSOLFDWLRQV�UDWKHU�WKDQ�EXQGOHG�ZLWK�WKH�GDWD�VRXUFHV�

7KH�SROLFLHV�FRQFHUQLQJ�GDWD�VKDULQJ�DPRQJ�DSSOLFDWLRQV�DUH�GHILQHG�E\�WKH�LQGLYLGXDO�DSSOLFDWLRQV�� �7KHUHIRUH��DQ

DSSOLFDWLRQ� KDV� WR� NQRZ� LQ� DGYDQFH� �ZKHQ� WKH� DSSOLFDWLRQ� LV� FRGHG�� XVLQJ� WKH� WUDQVDFWLRQ� SULPLWLYHV�� ZKDW� RWKHU

DSSOLFDWLRQV�LW�PLJKW�EH�VKDULQJ�GDWD�ZLWK��FRGH�VSHFLILFDOO\�IRU�WKRVH�FROODERUDWLYH�SDUWQHUV��VR�FDQQRW�G\QDPLFDOO\

IRUP�FROODERUDWLRQ�WHDPV���$OVR��WKH�V\VWHP�ZDV�QHYHU�LPSOHPHQWHG���DQG�WKHUHIRUH�HYDOXDWLRQ�LV�UDWKHU�GLIILFXOW�

����������������������������������������������������������
��3HUVRQDO�FRPPXQLFDWLRQ�EHWZHHQ�WKH�VHFRQG�DXWKRU�DQG�WKH�DXWKRUV�RI�$VVHW�VKRZV�WKDW�$VVHW�ZDV�QRW�LPSOHPHQWHG

)URP��QKJ#DOOHJUD�DWW�FRP��1DUDLQ�*HKDQL�

7R��NDLVHU#ZHVWHQG�SVO�FV�FROXPELD�HGX

6XEMHFW��5H��$66(7

DVVHW�ZDV�QRW�UHDOO\�LPSOHPHQWHG�

L�FDQ�JLYH�\RX�2GH�WKRXJK�

1DUDLQ
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3.4� Extended Transaction Model Realization

3.4.1� Hyperform

+\SHUIRUP� >��@� LV� D� WRRONLW� WKDW� DVVLVWV� GHYHORSPHQW� RI� G\QDPLF�� RSHQ� DQG� GLVWULEXWHG� PXOWL�XVHU� K\SHUPHGLD

V\VWHPV���$�IHZ�K\SHUWH[W�V\VWHPV��LQFOXGLQJ�+\SHU'LVFR�>��@��KDYH�EHHQ�EXLOW�XVLQJ�+\SHUIRUP���+\SHUIRUP�DOORZV

SURJUDPPHUV�WR�H[WHQG�WKH�GDWD�PRGHO�DQG�GDWD�PDQDJHPHQW�SROLFLHV�E\�VXEFODVVLQJ�WKH�Object�FODVV�RI�LWV�22'%�

/LPLWHG�H[WHQVLELOLW\�LQ�&&�SROLFLHV�LV�DOVR�SHUPLWWHG�E\�VXEFODVVLQJ�WKH�CC Object�FODVV���$V�KLQWHG�E\�>��@��WKH

SRVVLEOH�H[WHQVLRQV�DSSDUHQWO\�GR�QRW�LQFOXGH�VKDUHG�ORFNV��VLQFH�the CC Object�SURYLGHV�VKRUW�GDWDEDVH�VW\OH

$&,'�WUDQVDFWLRQV�WKDW�DUH�GLUHFWO\�LQWHJUDWHG�ZLWK�WKH�ORZHU�OHYHO�22'%���$OVR��LW� LV�QRW�FOHDU�KRZ�WKLV�DSSURDFK

FRXOG�EH�DSSOLHG�WR�:::��ZKHUH�WKH�ZHE�VHUYHUV�PD\�QRW�EH�XQGHU�WKH�FRQWURO�RI�WKH�K\SHUPHGLD�V\VWHP�GHYHORSHU

���PHDQLQJ�XVHUV�FDQQRW�H[WHQG�WKH�&&�SROLFLHV�E\�FKDQJLQJ�WKH�FRGH�RI�WKH�ZHE�VHUYHUV�

3.4.2� PJama

3-DPD� >�@� LV� DQ� RQ�JRLQJ� UHVHDUFK� DQG� GHYHORSPHQW� SURMHFW� DW� 6XQ�/DEV�� � ,W� SURYLGHV� RUWKRJRQDO� SHUVLVWHQF\� IRU

-DYD��SURJUDPPHUV�E\�WUDQVSDUHQWO\�PDNLQJ�DOO�REMHFWV�DQG�FODVVHV�UHDFKDEOH�IURP�D�JLYHQ�URRW�REMHFW�SHUVLVWHQW�

7KH� WUDQVDFWLRQ� VXSSRUW� LQ�3-DPD�KDV�QRW� \HW�EHHQ� IXOO\�GHVLJQHG�DQG� LPSOHPHQWHG��EXW� WKURXJK� WKH� ILUVW� DXWKRU
V

NQRZOHGJH�E\�WDNLQJ�SDUW�LQ�WKH�SURMHFW�GXULQJ�VXPPHU�������3-DPD�LV�LQWHQGHG�WR�VXSSRUW�(70V�

7KH� JRDO� RI� 3-DPD
V� WUDQVDFWLRQ� VXSSRUW� >��@� LV� WR� SURYLGH� W\SH� RUWKRJRQDO�� FRGH� LQGHSHQGHQW�� G\QDPLFDOO\

FXVWRPL]DEOH�WUDQVDFWLRQ�PRGHOLQJ�VXSSRUW��ZLWK�KLJK�SHUIRUPDQFH��LQ�-DYD��90���,W�VHSDUDWHV�WUDQVDFWLRQ�PRGHOLQJ

DQG� DSSOLFDWLRQ� GHYHORSPHQW� E\� GHILQLQJ� WZR� FODVVHV� RI� SURJUDPPHUV�� 7KH� WUDQVDFWLRQ� SURJUDPPHUV� XVH� WKH

WUDQVDFWLRQ� IDFLOLWLHV� SURYLGHG� E\� WKH� 90� WR� GHVLJQ� DQG� LPSOHPHQW� (70V� E\� H[WHQGLQJ� D� V\VWHP� FODVV

TransactionShell�� � 7KH� DSSOLFDWLRQ� SURJUDPPHUV� VLPSO\� LQVWDQWLDWH� WKH� H[WHQGHG� TransactionShell

FODVVHV�DQG�UXQ�WKHLU�WDVNV�LQ�WKH�WUDQVDFWLRQV�E\�SDVVLQJ�WKH�H[HFXWDEOH��D�0HWKRG�REMHFW�WKDW�UHSUHVHQWV�D�SRUWLRQ

RU�WKH�ZKROH�ERG\�RI�WKH�WUDQVDFWLRQ��WR�TransactionShell REMHFWV� ��

3-DPD�LV�FHUWDLQO\�D�YHU\�SURPLVLQJ�WHFKQRORJ\��DQG�LW�VKDUHV�D�ORW�RI�FRPPRQ�JRDOV�ZLWK�RXU�UHVHDUFK�� �+RZHYHU�

3-DPD
V�WUDQVDFWLRQ�VXSSRUW�LV�GHVLJQHG�IRU�WKH�REMHFWV�LQVLGH�D�-DYD��90�ZKLFK�DUH�LQ�PXFK�ILQHU�JUDQXODULW\�DQG

ODUJHU�QXPEHUV��ZKLOH�RXU�WDUJHW�WUDQVDFWLRQV�FRQVLVW�RI�REMHFWV�VXFK�DV�GRFXPHQWV�DQG�ZHE�SDJHV��DQG�WKH�IUHTXHQF\

RI�GDWD�DFFHVV�LV�RIWHQ�OLPLWHG�E\�WKH�KXPDQ�XVHU�RSHUDWLRQ���7KLV�GLIIHUHQFH�OHDGV�WR�GLIIHUHQW�GHVLJQ�FKRLFHV���)RU

H[DPSOH��DV�ZH�WKLQN�GLVWULEXWHG�WUDQVDFWLRQ�VXSSRUW�LV�HVVHQWLDO��3-DPD�GRHV�QRW�KDYH�LW�EXLOW�LQ��LW�LV�WKH�WUDQVDFWLRQ

SURJUDPPHU
V�UHVSRQVLELOLW\�WR�PDQDJH�GDWD�VRXUFHV�IURP�PXOWLSOH�VLWHV�DQG�SURYLGH�D�GLVWULEXWHG�FRPPLW�SURWRFRO�

3.4.3� Pern
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3HUQ�>������@�LV�D�WUDQVDFWLRQ�PDQDJHPHQW�FRPSRQHQW�SUHYLRXVO\�GHYHORSHG�LQ�RXU�ODE���,WV�WUDQVDFWLRQ�PDQDJHPHQW

IHDWXUHV�DUH�H[WHQVLEOH�YLD�SOXJ�LQV�LQYRNHG�EHIRUH�DQG�DIWHU�HDFK�RI�LWV�H[SRUWHG�RSHUDWLRQV���EHJLQ��FRPPLW��ORFN�

HWF���>��@���3HUQ�FDQ�DOVR�EH�FXVWRPL]HG�E\�&&�SROLF\�UXOHV��ZULWWHQ�LQ�D�UXOH�EDVHG�ODQJXDJH�FDOOHG�&RUG��GHYHORSHG

XQGHU� WKH� LQVSLUDWLRQ�RI�&5/� >�@� DQRWKHU�SUHYLRXV�ZRUN� LQ�RXU� ODE�� VSHFLI\LQJ�KRZ� WR�KDQGOH� ORFN� FRQIOLFWV� >��@� ��

3HUQ� KDV� EHHQ� LQWHJUDWHG�ZLWK� VHYHUDO� V\VWHPV� �2]�� 3&7(�� DQG� 3URFHVV�:HDYHU� >���� ��@�� WR� SURYLGH� WUDQVDFWLRQ

IXQFWLRQDOLW\���7KH�ZRUN�SUHVHQWHG�LQ�WKLV�SDSHU�LQKHULWV�LWV�SOXJ�LQ�FRQFHSW�IURP�3HUQ��EXW�GRHV�QRW�LQFRUSRUDWH�DQ

H[WHQGHG�WUDQVDFWLRQ�PRGHOLQJ�QRWDWLRQ�OLNH�&RUG�

:H� H[WHQGHG� WKH� UHVHDUFK� LQ� VHYHUDO� GLUHFWLRQV�� � )LUVW�� ZH� ZDQW� WR� VXSSRUW� KHWHURJHQHRXV� GDWD� VRXUFHV� ZLWKRXW

FKDQJLQJ�HLWKHU�WKH�FOLHQWV�RU�WKH�VHUYHU���6HFRQG��ZH�GHILQH�D�FOHDU�WUDQVDFWLRQ�HQJLQH�$3,�IRU�WKH�(70�GHVLJQHUV�

3HUQ�GRHV�QRW�GHILQH�VXFK�DQ�$3,�DQG�ZULWLQJ�(70�SOXJ�LQ�UHTXLUHV�VRSKLVWLFDWHG�NQRZOHGJH�RI�WKH�LQWHUQDOV���7KLUG�

ZH�DUH�GHDOLQJ�WKH�SUREOHP�LQ�D�GLVWULEXWHG�HQYLURQPHQW��ZKHUH�WKH�SOXJ�LQ�FRGH�FDQ�EH�VHQW�WR�WKH�WUDQVDFWLRQ�VHUYHU�

ZKLOH�LW�LV�UXQQLQJ��IURP�WKH�,QWHUQHW�

4� Our Approach

2XU� PLGGOHZDUH� DSSURDFK� VHSDUDWHV� WKH� LQIRUPDWLRQ� UHVRXUFHV� WKDW� VWRUH� WKH� K\SHUPHGLD� �WKH� ZHE� VHUYHUV��� WKH

DSSOLFDWLRQV�WKDW�DFFHVV�WKH�K\SHUPHGLD�IRU�FROODERUDWLYH�ZRUN��WKH�FOLHQWV���DQG�WKH�WUDQVDFWLRQ�VHUYHU�WKDW�SURYLGHV

WKH�&&�FDSDELOLW\��7KH� WUDQVDFWLRQ� VHUYHU� LV� LQGHSHQGHQW�RI�ERWK� WKH�GDWD� VRXUFHV� DQG� WKH� DSSOLFDWLRQV�� �:KHQ�DQ

DSSOLFDWLRQ� QHHGV� WR� DFFHVV� D� GDWXP�� WKH� UHTXHVW� LV� URXWHG� WKURXJK� WKH� WUDQVDFWLRQ� VHUYHU�� DQG� LQFOXGHV� &&

LQIRUPDWLRQ�VXFK�DV�ZKLFK�WUDQVDFWLRQ�WKLV�DFFHVV�LV�SDUW�RI�DQG�WKXV�ZKLFK�VHW�RI�&&�SROLFLHV�VKRXOG�EH�DSSOLHG���7KH

DFWXDO� HQIRUFHPHQW�RI� WKH�&&�SROLFLHV� LV� WKH� MRE�RI� WKH� WUDQVDFWLRQ� VHUYHU�� �7KH� WUDQVDFWLRQ� VHUYHU�PD\� FKRRVH� WR

H[SORLW�DQ\�&&�VXSSRUW�SURYLGHG�E\�WKH�GDWD�VRXUFH��VXFK�DV�ORFNLQJ�RU�YHUVLRQLQJ��RU�QRW�

7KH� WUDQVDFWLRQ�VHUYHU�VKRXOG�EH�H[WHQVLEOH� LQ� VHYHUDO�ZD\V�� LQFOXGLQJ� WKH� UDQJH�RI�&&�SROLFLHV� LW� FDQ�VXSSRUW�� LWV

PHFKDQLVPV� IRU� FRPPXQLFDWLRQ� ZLWK� EDFNHQG� GDWD� VRXUFHV�� DQG� RWKHU� DSSOLFDWLRQ�VSHFLILF� FXVWRPL]DWLRQ� VXFK� DV

HYHQW�QRWLILFDWLRQV�

/HW� XV� FRQVLGHU� D� VLPSOH� MRLQW� DXWKRULQJ� VFHQDULR��$OLFH� DQG�%RE� DUH� WZR� FR�DXWKRUV� RI� VRPH� DUWLFOHV� VWRUHG� DQG

SXEOLVKHG�E\�WZR�ZHE�VHUYHUV�6��DQG�6����7KH\�XVH�D�FROODERUDWLYH�DXWKRULQJ�WRRO�WKDW�UHDGV�DQG�ZULWHV�WKH�DUWLFOHV

RQ�6��DQG�6���'DYLG��ZKR�LV�D�IDQ�RI�$OLFH�DQG�%RE��DOVR�DFFHVVHV�WKH�ZHE�VHUYHUV�DQG�DWWHPSWV�WR�UHDG�WKH�DUWLFOH���,W

LV�FRQFHLYDEOH�WKDW�$OLFH�DQG�%RE�GR�QRW�ZDQW�'DYLG��RU�DQ\RQH�HOVH��WR�VHH�DQ\�RI�WKH�LQ�SURJUHVV�YHUVLRQV�RI�WKH

DUWLFOHV�� XQWLO� WKH\� DUH� FRPSOHWHG�� DOWKRXJK� WKH\�ZRXOG� EH�ZLOOLQJ� WR� OHW�'DYLG� UHDG� D� SUH�SXEOLFDWLRQ� DVVHVVPHQW

YHUVLRQ�DQG�UHFHLYH�KLV�FRPPHQWV���+RZHYHU��EHWZHHQ�$OLFH�DQG�%RE�WKHUH�LV�QR�VXFK�EDUULHU��HDFK�FR�DXWKRU�ZDQWV

WR�VHH�WKH�ODWHVW�VWRUHG�YHUVLRQ�HYHQ�LI�WKH�RWKHU�RQH�LV�FXUUHQWO\�HGLWLQJ�WKH�QH[W�YHUVLRQ��DQG�WKHLU�DXWKRULQJ�WRRO�PD\

HYHQ�OHW�WKH�WZR�RI�WKHP�HGLW�WKH�GRFXPHQW�WRJHWKHU�LQ�ZKDW�\RX�VHH�LV�ZKDW�,�VHH�IDVKLRQ�
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)LJXUH��� VKRZV� WKLV�PRWLYDWLQJ�VFHQDULR�� �7KH�DXWKRULQJ� WRRO� WKDW�$OLFH�DQG�%RE�XVH� WR� DFFHVV� WKH� DUWLFOHV� VKRXOG

ZRUN� LQ� WDQGHP�ZLWK� WKH� WUDQVDFWLRQ� VHUYHU� WR� HQIRUFH� D� UHOD[HG� �EXW� VWLOO� FRQVLVWHQW�� &&� SROLF\� WR� DOORZ� WKH� FR�

DXWKRUV�WR�UHDG�DQG�ZULWH�WKH�DUWLFOHV�LQ�D�FROODERUDWLYH�IDVKLRQ���7KH�WUDQVDFWLRQ�VHUYHU�UHWULHYHV�WKH�DUWLFOHV�IURP�WKH

ZHE� VHUYHUV�� XVLQJ� WKHLU� ORFNLQJ�PHFKDQLVP� WR� SURWHFW� WKH� SULYDWH� YHUVLRQV� IURP� EHLQJ� UHDG� E\� RXWVLGHUV� VXFK� DV

'DYLG��ZKR�SUHVXPDEO\�HPSOR\�FRQYHQWLRQDO�ZHE�EURZVHUV�UDWKHU�WKDQ�WKH�FR�DXWKRULQJ�HGLWRU��ZKLFK�ZRXOG�LQ�DQ\

FDVH�QRW�DFFHSW�RXWVLGHUV�DV�PHPEHUV�RI�WKH�DXWKRULQJ�WHDP��

)LJXUH�����0RWLYDWLQJ�6FHQDULR

)LJXUH�����7UDQVDFWLRQ�6HUYHU�$UFKLWHFWXUH

)LJXUH���VKRZV�D�JHQHUDOL]HG�DUFKLWHFWXUH�GHSLFWLQJ�KRZ�RXU�WUDQVDFWLRQ�VHUYHU�PLJKW�RSHUDWH�LQ�VXFK�D�VFHQDULR���7KH

DSSOLFDWLRQ�XVHG�E\�$OLFH�DQG�%RE�PDNHV�UHTXHVWV�WR�WKH�WUDQVDFWLRQ�VHUYHU��ZKLFK�HQIRUFHV�WKH�GHVLUHG�&&�SROLF\�

:LWKRXW� FKDQJLQJ� WKH� DXWKRULQJ� WRROV�� WKH� &&� SROLFLHV� DUH� ZULWWHQ� LQ� YDULRXV� IRUPV� RI� FDOOEDFNV� DQG� VHQW� WR� WKH

&DOOEDFN�&RGH
&DOOEDFN�,QWHUIDFH

7UDQVDFWLRQ�6HUYHU&ROODERUDWLRQ
6\VWHP

&DOOEDFN�6HWXS

7UDQVDFWLRQ�5HTXHVW

&&�3ROLFLHV�&DOOEDFNV 'DWD�$FFHVV�&DOOEDFNV

:::
&ROODERUDWLRQ

6\VWHP

2WKHU�'DWD�6RXUFHV

$OLFH

%RE

'DYLG

6�

6�

$XWKRULQJ
7RRO

$XWKRULQJ
7RRO

7UDQVDFWLRQ
6HUYHU

:HE
%URZVHU

&ROODERUDWLQJ�8VHUV

,QGHSHQGHQW
:HE�6HUYHUV

6HW�XS
&&�3ROLFLHV'DWD�$FFHVV
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WUDQVDFWLRQ� VHUYHU� IURP� WKH� FROODERUDWLYH� V\VWHPV� �LQ� RXU� FDVH� $OLFH� DQG� %RE¶V� DXWKRULQJ� WRROV��� � $PRQJ� RWKHU

FDOOEDFNV��WKH�GDWD�DFFHVV�SOXJ�LQ�PRGXOHV�HQDEOH�WKH�WUDQVDFWLRQ�VHUYHU�WR�DFFHVV�YDULRXV�EDFNHQG�GDWD�VRXUFHV��L�H��

WKH�ZHE� VHUYHUV��+\SHUEDVHV�� RU�&25%$�6HUYHUV� DQG� WKH�&&� SROLFLHV� SOXJ�LQ�PRGXOHV� FXVWRPL]H� WKH� WUDQVDFWLRQ

VHUYHU�VR�WKDW�LW�FDQ�UHDOL]H�WKH�GHVLUHG�(70V�

7KH�WUDQVDFWLRQ�VHUYHU�FDQ�EH�HLWKHU�D�IXOO�IOHGJHG�ZHE�VHUYHU�WKDW�VSHDNV�VRPH�+773�H[WHQVLRQ�ZLWK�VSHFLILF�85/V

UHSUHVHQWLQJ�WUDQVDFWLRQ�RSHUDWLRQV��RU�DQ�+773�SUR[\�WKDW�VLWV�EHWZHHQ�FOLHQW�DSSOLFDWLRQV�DQG�:::���7KH�FKRLFH

LV�DQ�LPSOHPHQWDWLRQ�LVVXH���,I�WKH�DSSOLFDWLRQV�VXSSRUW�+773�SUR[LHV��DV�PRVW�ZHE�EURZVHUV�GR��WKH�SUR[\�DSSURDFK

PD\�SURYLGH�WUDQVDFWLRQ�VHUYLFHV�DOPRVW�WUDQVSDUHQWO\���2XU�-3HUQ/LWH�LPSOHPHQWDWLRQ�FDQ�RSHUDWH�HLWKHU�DV�DQ�+773

SUR[\�RU�DV�D�ZHE�VHUYHU�

4.1� External Transaction Manager

0RVW� WUDGLWLRQDO� GDWDEDVHV� DUH� FRQVWUXFWHG� LQ� VXFK� D� ZD\� WKDW� WKH� WUDQVDFWLRQ� PDQDJHU� LV� SDUW� RI� WKH� GDWDEDVH

PDQDJHPHQW�V\VWHP��:KHQ�D�FOLHQW�DVNV�WKH�GDWDEDVH�IRU�VRPH�GDWD�RSHUDWLRQ��WKH�GDWDEDVH��HLWKHU�LPSOLFLWO\�RU�DV

UHTXHVWHG�E\� WKH�XVHU�RU�DSSOLFDWLRQ��JURXSV� WKH�RSHUDWLRQ�ZLWK�RWKHUV� LQWR�D� WUDQVDFWLRQ�VR� WKDW� WKH�RSHUDWLRQV�DUH

FROOHFWLYHO\� WUHDWHG� DV� DQ� DWRPLF�XQLW�� �7KH� DSSOLFDWLRQ�QHHG�NQRZ�QRWKLQJ� DERXW� WUDQVDFWLRQ�PDQDJHPHQW� GHWDLOV�

VXFK�DV�KRZ�WKH�WUDQVDFWLRQV�DUH�DERUWHG�RU�FRPPLWWHG��KRZ�WKH�ORFNV�DUH�REWDLQHG��DQG�ZKLFK�ORFNV�DUH�FRQIOLFWLQJ

ZLWK�UHVSHFW�WR�HDFK�RWKHU�

:KHQ�D�FOLHQW�QHHGV�WR�DFFHVV�GDWD�GLVSHUVHG�DFURVV�PXOWLSOH�GDWDEDVHV��WKH�&&�SROLF\�LV�FDUULHG�RXW�FRRSHUDWLYHO\�E\

WKH� VHW� RI� GDWDEDVHV� ±�ZKLFK� XVXDOO\�PXVW� EH� FRQILJXUHG� WR� NQRZ� DERXW� HDFK� RWKHU�ZKHQ� WKH\� DUH� VHW� XS�� � 7KHVH

GLVWULEXWHG�GDWDEDVHV� IRUP�D� IHGHUDWLRQ��XVLQJ�SURWRFROV� VXFK�DV� WKH� FRQYHQWLRQDO� WZR�SKDVH� FRPPLW� WR� FRRUGLQDWH

ZLWK�HDFK�RWKHU�

,QVWHDG�RI�DSSO\LQJ�WKLV�DSSURDFK�IRU�ZHE�EDVHG�K\SHUPHGLD�V\VWHPV��ZKLFK�ZRXOG�UHTXLUH�FRRSHUDWLRQ�EHWZHHQ�DOO

WKH� ZHE� VHUYHUV� DFFHVVHG� GXULQJ� D� GLVWULEXWHG� WUDQVDFWLRQ�� ZH� SURSRVH� WKH� H[WHUQDO� WUDQVDFWLRQ� PDQDJHU� PRGHO

GHSLFWHG� LQ� )LJXUH� ��� 7KDW� LV�� OHW� WKH� ZHE� VHUYHUV� VWD\� DV� WKH\� DUH� LQ� WHUPV� RI� ODFNLQJ� &&� RU� RWKHU� WUDQVDFWLRQ

IXQFWLRQDOLW\��DQG�HPSOR\�D�VHSDUDWH�VHUYHU��7KLV�VHUYHU�LV�WKXV�FDOOHG�DQ�H[WHUQDO�WUDQVDFWLRQ�VHUYHU�

$Q�H[WHUQDO�WUDQVDFWLRQ�VHUYHU�SURYLGHV�WKH�FOLHQW�DSSOLFDWLRQV�ZLWK�WUDQVDFWLRQ�VHUYLFHV�EXW�GRHV�QRW�UHTXLUH�WKH�ZHE

VHUYHUV� WR�EH� VHW� XS� LQ� DQ\� DSSOLFDWLRQ�VSHFLILF�ZD\�� H�J��� WKH�ZHE� VHUYHUV� GR� QRW� QHHG� WR� NQRZ�ZKLFK� RWKHU�ZHE

VHUYHUV� WR� FRQWDFW� ZKHQ� D� GLVWULEXWHG� WUDQVDFWLRQ� LV� SHUIRUPHG�� 7KLV� IXQFWLRQ� LV�PRYHG� WR� WKH� WUDQVDFWLRQ� VHUYHU�

:KHQ�D�XVHU�VWDUWV�D�WDVN�WKDW�LV�LQWHQGHG�WR�EH�SHUIRUPHG�DV�D�ORQJ�GXUDWLRQ�WUDQVDFWLRQ��KH�VKH�PLJKW�QRW�NQRZ�LQ

DGYDQFH�ZKLFK�GDWD�REMHFWV�ZLOO�EH�QHHGHG��,Q�IDFW�� WKH�WDVN�VWHSV�RIWHQ�FDQQRW�EH�SUHGLFWHG�HLWKHU��)RU�H[DPSOH��D

XVHU�PLJKW�QHHG�WR�SHUIRUP�WKH�VWHS��FKHFN�DJHQGD��ILUVW��WR�ILQG�RXW�ZKDW�ZRUN�LV�PRVW�SUHVVLQJ��DQG�WKHQ�GHWHUPLQHV
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ZKLFK�GDWD�ZLOO�QHHG�WR�EH�DFFHVVHG�QH[W��7KH�FRUUHVSRQGLQJ�QHHG�IRU�FRRSHUDWLRQ�DPRQJ�WKH�GDWD�VRXUFHV�PD\�WKXV

EH�IRUPHG�G\QDPLFDOO\�DQG�FDQQRW�EH�SUHGLFWHG�DQG�KDUGFRGHG�DW�WKH�WLPH�ZKHQ�WKH�VHUYHUV�DUH�FRQILJXUHG�

7KH� H[WHUQDO� WUDQVDFWLRQ� VHUYHU�PDNHV� LW� HDVLHU� WR� HPSOR\� KHWHURJHQHRXV� LQIRUPDWLRQ� UHVRXUFHV�� )RU� H[DPSOH�� WKH

VDPH� DSSOLFDWLRQ�PD\� QHHG� WR� DFFHVV� ZHE� SDJHV�� &25%$� REMHFWV�� WDEOHV� LQ� D� UHODWLRQDO� GDWDEDVH�� DQG� OLQNV� DQG

DQFKRU�LQIRUPDWLRQ�VWRUHG�LQ�D�OLQNEDVH�VXFK�DV�&KLPHUD���>�@��,Q�WKLV�FDVH��LI�ZH�EXLOG�WUDQVDFWLRQ�IXQFWLRQDOLW\�LQWR

WKH�LQIRUPDWLRQ�UHVRXUFHV��RU�LQ�ZUDSSHUV�DURXQG�WKHP�DV�LQ�0HWHRU�>��@��WKH�DGDSWDWLRQ�HIIRUW�LV�OLNHO\�WR�EH�WHGLRXV

DQG�H[SHQVLYH��$QG�WKH�FRPSOH[LW\�RI�WKH�V\VWHP�ZLOO�EH�XQQHFHVVDULO\�KLJK��,Q�RXU�DSSURDFK��WKH�WUDQVDFWLRQ�VHUYHU

DOVR�DFWV�DV�D�&&�JDWHZD\�DPRQJ�WKH�KHWHURJHQHRXV�GDWD�VRXUFHV�

4.2� Extensible Concurrency Control Policies

7UDGLWLRQDO� GDWDEDVH� V\VWHPV� DUH� WDUJHWHG� IRU� DSSOLFDWLRQV� WKDW� LVVXH� ODUJH� QXPEHUV� RI� PDFKLQH�JHQHUDWHG� GDWD

RSHUDWLRQV�� IRU� H[DPSOH� IRU� EDQN� DFFRXQW� PDLQWHQDQFH�� ZKHUH� VSHHG� LV� D� KLJK� SULRULW\�� 1DWXUDOO\�� WUDGLWLRQDO

GDWDEDVHV�XVH�DWRPLFLW\�DQG�VHULDOL]DELOLW\�DV�WKH�&&�FRUUHFWQHVV�FULWHULD���$WRPLFLW\�JXDUDQWHHV�WKDW�DOO�WKH�RSHUDWLRQV

LQ�D�WUDQVDFWLRQ�DUH�GRQH�RU�QRQH�RI�WKHP�LV�GRQH��VHULDOL]DELOLW\�JXDUDQWHHV�WKDW�WKH�WUDQVDFWLRQV�DUH�H[HFXWHG�DV�LI

WKH\�ZHUH�H[HFXWHG�LQGHSHQGHQWO\�ZLWK�HDFK�RWKHU��LQ�VRPH�VHULDO�RUGHU��

&RPPHUFLDO�WUDQVDFWLRQ�VHUYHUV�VXFK�076�DOVR�VKDUH�WKH�VDPH�SUREOHP��WKH\�FDQ�RQO\�LPSOHPHQW�DWRPLF�WUDQVDFWLRQ

PRGHO��ZLWK�YHU\� OLPLWHG� FXVWRPL]DELOLW\�� �$OWKRXJK� VRPH�RI� WKHP�FDQ�KRRN�XS�ZLWK� EDFN� HQG� GDWD� VRXUFHV�� WKH\

XVXDOO\�UHTXLUH�D�ORW�PRUH�VXSSRUW��VXFK�DV�UHFRYHU\�DQG�WZR�SKDVH�FRPPLW�

'XULQJ� WKH� SDVW� WZR� GHFDGHV�� UHVHDUFKHUV� LQ� DUHDV� VXFK� DV� &$'�&$0�� VRIWZDUH� GHYHORSPHQW� HQYLURQPHQWV� DQG

GLVWULEXWHG�DXWKRULQJ�KDYH�IRXQG�WKH�WUDGLWLRQDO�GDWDEDVH�WUDQVDFWLRQ�PRGHO�LQDSSURSULDWH�IRU�WKHLU�V\VWHPV�>��@���2QH

RI�WKH�SUREOHPV�LV�WKDW�WKH�WUDGLWLRQDO�WUDQVDFWLRQ�PRGHO�SUHYHQWV�SDUWLDO�UHVXOWV�IURP�EHLQJ�VHHQ�E\�RWKHU�WUDQVDFWLRQV�

DQG�WKHUHIRUH�H[SOLFLWO\�GLVDOORZV�WKH�SRVVLELOLW\�RI�FROODERUDWLRQ��$V�D�UHVXOW��WKH\�SURSRVHG�D�QXPEHU�RI�([WHQGHG

7UDQVDFWLRQ�0RGHOV�>��@�WKDW�UHOD[�WKH�WUDGLWLRQDO�&&�FULWHULD�

7R� PDNH� WKH� MRE� RI� EXLOGLQJ� H[WHQGHG� WUDQVDFWLRQ� PDQDJHUV� HDVLHU�� 3HUQ� LQWURGXFHG� WKH� LGHD� RI� DQ� H[WHQVLEOH

WUDQVDFWLRQ�FRPSRQHQW�WKDW�FDQ�EH�LQWHJUDWHG�ZLWK�YDULRXV�HQYLURQPHQW�IUDPHZRUNV�YLD�D�SOXJ�LQ�PHFKDQLVP�>��@��,Q

RXU�UHFHQW�UHVHDUFK�ZRUN��ZH�DGRSWHG�VRPH�LGHDV�IURP�3HUQ��HVSHFLDOO\�KRZ�WR�PDNH�WKH�WUDQVDFWLRQ�VHUYHU�H[WHQVLEOH

YLD�FDOOEDFNV��7R�UHDOL]H�WKH�WUDQVDFWLRQ�VHUYHU�DUFKLWHFWXUH�VKRZQ�LQ�)LJXUH����ZH�LQWURGXFHG�QHZ�IHDWXUHV�VXFK�DV

SHUVLVWHQW�WUDQVDFWLRQV��DQ�H[WHQVLEOH�VHW�RI�LQIRUPDWLRQ�UHVRXUFHV��DQG�G\QDPLF�ORDGLQJ�RI�WKH�SOXJ�LQ�FDOOEDFN�FRGH

RYHU�WKH�,QWHUQHW�

5� Transaction Service
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:H�KDYH�UHDOL]HG�WKH�JHQHUDO�WUDQVDFWLRQ�VHUYHU�DUFKLWHFWXUH�SUHVHQWHG�LQ�WKH�SUHYLRXV�VHFWLRQV����7KH�LPSOHPHQWDWLRQ

LV�FDOOHG�-3HUQ/LWH��VLQFH� LW� LV�QRW�\HW�D� IXOO� LPSOHPHQWDWLRQ�RI�DOO� WKH� LGHDV�� �7KH� WUDQVDFWLRQ�IHDWXUHV�SURYLGHG�E\

-3HUQ/LWH� FDQ�EH� FDWHJRUL]HG� LQWR� IRXU� DUHDV�� GDWD� REMHFW�PDQDJHPHQW�� FRQFXUUHQF\� FRQWURO�� SHUVLVWHQW� WUDQVDFWLRQ

PDQDJHPHQW��DQG�VHVVLRQ�PDQDJHPHQW��,Q�WKLV�VHFWLRQ�ZH�GHVFULEH�HDFK�RI�WKH�DERYH�IRXU�DUHDV��WKHLU�IXQFWLRQDOLW\

DQG�KRZ�WKH\�ZRUN�DV�SDUW�RI�WKH�WUDQVDFWLRQ�VHUYHU�

)LJXUH���VKRZV�D�VDPSOH�FRPPXQLFDWLRQ�EHWZHHQ�WKH�WUDQVDFWLRQ�VHUYHU�DQG�WKH�FOLHQW��:KHQ�IXQFWLRQLQJ�DV�D�ZHE

VHUYHU��-3HUQ/LWH�VSHDNV�+773�H[WHQGHG�ZLWK�VRPH�-3HUQ/LWH�VSHFLILF�KHDGHUV�WKDW�FDUU\�YDULRXV�LQIRUPDWLRQ���7KH

FOLHQW�UHTXHVWV�WR�ORFN�DQ�REMHFW�ZKRVH�85/�LV�KWWS���ZZZ�FV�FROXPELD�HGX�LQ�UHDG��5��PRGH��7KH�YDOXHV

RI�3HUQ6HVVLRQ,'�DQG�7UDQVDFWLRQ� ,'�ZHUH�SUHYLRXVO\�REWDLQHG� IURP�-3HUQ/LWH��8SRQ�VXFFHVV�� -3HUQ/LWH

UHSOLHV�ZLWK� WKH�PHVVDJH� WKDW� WHOOV� WKH� FOLHQW� WKDW� WKH� REMHFW� KDV� EHHQ� VXFFHVVIXOO\� ORFNHG�� DQG� WKDW� WKH� ORFN� ,'� LV

'$7$23���7;���7UDQVDFWLRQ�����

)LJXUH�����6DPSOH�5HTXHVW�DQG�5HSO\�WR�/RFN�DQ�2EMHFW

5.1� Data Objects

(DFK� GDWXP� DFFHVVHG� E\� D� FOLHQW� LV� UHSUHVHQWHG� DV� DQ� REMHFW� LQ� -3HUQ/LWH¶V� LQWHUQDO� REMHFW� EDVH�� � ,Q� WKH� FXUUHQW

LPSOHPHQWDWLRQ��ZH�XVH�2EMHFW6WRUH�36(�DV�WKH�WRRO�WR�LPSOHPHQW�WKH�REMHFW�EDVH�� �7KHVH��VWXE��REMHFWV�UHSUHVHQW

WKH�WDUJHWV�IRU�ORFNLQJ�DQG�UHIHUHQFH�WKHLU�UHDO�ZRUOG�SHHUV�

7KH�FOLHQWV�PD\�DFFHVV�WKH�GDWD�GLUHFWO\�IURP�WKHLU�KRPH�GDWD�VRXUFHV���+RZHYHU��LQ�RUGHU�WR�REWDLQ�WKH�FRQFXUUHQF\

FRQWURO�JXDUDQWHHV�� WKH�FOLHQW�PXVW� IROORZ�WKH�FRQYHQWLRQ�RI�DVNLQJ�-3HUQ/LWH� IRU�SHUPLVVLRQ� ILUVW�� �2U�FOLHQWV�PD\

UHTXHVW�WKDW�-3HUQ/LWH�DFFHVV�WKH�GDWD�RQ�WKHLU�EHKDOI�� LQ�ZKLFK�FDVH�-3HUQ/LWH�DXWRPDWLFDOO\�FDFKHV�WKH�REMHFWV�IRU

UHFRYHU\�DQG�GLVWULEXWHG�FRPPLWPHQW�SXUSRVHV�

7KH� -3HUQ/LWH� VHUYHU� FXUUHQWO\� GRHV� QRW� UHPRYH� DQ� REMHFW� IURP� LWV� REMHFW� EDVH� HYHQ� DIWHU� DOO� WUDQVDFWLRQV� KDYH

XQORFNHG�LW���7KLV�LV�GXH�WR�D�WUDGH�RII�EHWZHHQ�WKH�VL]H�RI�WKLV�GDWDEDVH�DQG�UXQ�WLPH�HIILFLHQF\��VLQFH�WKH�REMHFW�EDVH

DOVR�FDFKHV�WKH�GDWD�FRQWHQW���)RU�H[DPSOH��-3HUQ/LWH�PLJKW�FDFKH�D�ZHE�SDJH��+70/�RU�ELQDU\�GDWD����:KHQ�VRPH

5HTXHVW�WR�ORFN�DQ�REMHFW

5HSO\�IRU�D�VXFFHVVIXO�ORFN

*(7��VHUYOHW�SVO�SHUQ�LQWHUIDFHV�:HE3HUQ
+773����
0HWKRG��W[RS
3HUQ6HVVLRQ,'��36�IORSLLUTYN�YYIX
7UDQVDFWLRQ��7;���7UDQVDFWLRQ��
2SHUDWLRQ��W[BORFN
$UJF���
$UJ���KWWS���ZZZ�FV�FROXPELD�HGX
$UJ���5

+773���������2.
6HUYHU��3VO0LQL6HUYHU����
3HUQ6WDWXV��6XFFHVV
3HUQ'DWD2S,'��'$7$23���7;���7UDQVDFWLRQ����
'DWH��7XH�����1RY���������������*07
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FOLHQW�DVNV�IRU�WKLV�ZHE�SDJH�DJDLQ��-3HUQ/LWH�HPSOR\V�+773�FRQGLWLRQDO�*(7�WR�IHWFK�WKH�FRQWHQW�RQO\�LI�LW�KDV�EHHQ

FKDQJHG�� UHGXFLQJ� QHWZRUN� WUDQVPLVVLRQ� FRVWV�� � $� JDUEDJH� FROOHFWLRQ� FRPPDQG� LV� DYDLODEOH� IRU� DGPLQLVWUDWRUV� WR

FOHDU�WKH�FDFKH�

:KHQHYHU�D�FOLHQW�UHTXHVWV�D�ORFN��WKH�-3HUQ/LWH�VHUYHU�ILUVW�ORFNV�WKH�FRUUHVSRQGLQJ�REMHFW� LQ� LWV�RZQ�GDWDEDVH�� LI

WKDW�ORFN�ZDV�SODFHG�VXFFHVVIXOO\��WKHQ�-3HUQ/LWH�WULHV�WR�ORFN�WKH�GDWXP�LQ�LWV�KRPH�GDWD�VRXUFH���)RU�H[DPSOH��LI�WKH

GDWXP�LV�D�ZHE�SDJH�DQG�LWV�ZHE�VHUYHU�VXSSRUWV�WKH�:(%'$9�ORFNLQJ�PHFKDQLVP��-3HUQ/LWH�WULHV�WR�REWDLQ�WKH�ORFN

IURP�WKH�ZHE�VHUYHU���)RU�ZHE�VHUYHUV�WKDW�KDYH�QR�QRWLRQ�RI�ORFNLQJ��WKH�RQO\�ORFNV�DUH�WKRVH�NHSW�LQ�WKH�-3HUQ/LWH

VHUYHU�

5.2� Concurrency Control

-3HUQ/LWH�SURYLGHV�WZR�EDVLF�PHFKDQLVPV�IRU�FRQFXUUHQF\�FRQWURO��ORFNV�DQG�WLPHVWDPSV���(YHQW�QRWLILFDWLRQ�LV�QRW

EXLOW�LQWR�WKH�-3HUQ/LWH�VHUYHU��EXW�FDQ�EH�DGGHG�E\�H[WHQVLRQ�FRGH��DV�ZH�GLVFXVV�LQ�WKH�QH[W�VHFWLRQ�

(DFK� RSHUDWLRQ� LQ� D� WUDQVDFWLRQ� KDV� D� WLPHVWDPS� WKDW� FDQ� EH� XVHG� E\� D� VHULDOL]DELOLW\� LPSOHPHQWDWLRQ� VXFK� DV

WLPHVWDPS�RUGHULQJ�� �6LQFH�-3HUQ/LWH�QRUPDOO\�XVHV�FRQYHQWLRQDO�WZR�SKDVH�ORFNLQJ�WR�HQVXUH�VHULDOL]DELOLW\��DV�GR

PRVW�GDWDEDVH�WUDQVDFWLRQ�PDQDJHUV��WKH�WLPHVWDPSV�DUH�OHIW�IRU�H[WHQVLRQ�FRGH�WR�H[SORLW���DOWKRXJK�HYHQ�WKH�WZR�

SKDVH�ORFNLQJ�LV�WHFKQLFDOO\�DQ��H[WHQVLRQ���L�H���LWV�QRW�KDUGZLUHG�LQ�RXU�LPSOHPHQWDWLRQ�

/RFNV�LQ�-3HUQ/LWH�DUH�PRUH�OLNH�XVHU�FRQWUROOHG�ORFNV�DV�RSSRVHG�WR�WKH�LPSOLFLW�ORFNV�RI�WUDGLWLRQDO�GDWDEDVHV�DQG

FRQYHQWLRQDO�WUDQVDFWLRQ�VHUYHUV���7KH�FOLHQW�QHHGV�WR�H[SOLFLWO\�UHTXHVW�WR�SODFH�D�ORFN�RQ�D�GDWXP�DQG�WR�UHPRYH�D

SUHYLRXVO\�SODFHG� ORFN�� �/RFNLQJ� LV�QRW�SHUIRUPHG� LPSOLFLWO\�DV�D� VLGH�HIIHFW�RI�GDWD� DFFHVV�� �7KH� ORFN�PRGHV� DUH

FRQILJXUDEOH� E\� D� ORFN� WDEOH�� LQ� ZKLFK� WKH� DGPLQLVWUDWRU� VSHFLILHV� DYDLODEOH� ORFN� PRGHV� DQG� WKHLU� PXWXDO

FRPSDWLELOLWLHV���7KLV�ZD\��WKH�DSSOLFDWLRQ�DGPLQLVWUDWRUV�FDQ�LQYHQW�WKHLU�RZQ�ORFN�PRGH��VXFK�DV�QRWLI\�RU�GLUW\�UHDG

ORFNV��WKDW�DUH�YHU\�XVHIXO�IRU�FROODERUDWLYH�DSSOLFDWLRQV���7KH�ORFN�FRPSDWLELOLW\�WDEOH�FDQ�RQO\�VSHFLI\�ZKHWKHU�WZR

ORFN�PRGHV��H�J���UHDG�YV��ZULWH��DUH�DOORZHG�RQ�WKH�VDPH�GDWXP�DW�WKH�VDPH�WLPH�RU�QRW�� �0RUH�VRSKLVWLFDWHG�ORFN

PRGHV�VXFK�DV�LQWHQWLRQ�ORFNV�RQ�DQFHVWRUV�RU�OLQNHG�HQWLWLHV�PXVW�EH�LPSOHPHQWHG�YLD�WKH�SOXJ�LQ�PHFKDQLVP���$Q

LQWHQWLRQ� ORFN� LV� D� VWDQGDUG� PHFKDQLVP� IRU� SUHYHQWLQJ� GHOHWLRQ� RU� RWKHU� PRGLILFDWLRQ� WR� D� FRPSRVLWH� REMHFW

FRQWDLQLQJ�WKH�UHJXODUO\�ORFNHG�GDWXP��

5.3� Persistent Transactions

$OO�WUDQVDFWLRQV�LQ�-3HUQ/LWH�DUH�SHUVLVWHQW��LQ�WKH�VHQVH�WKDW�LI�WKH�-3HUQ/LWH�VHUYHU�FUDVKHV�DQG�UHERRWV��WKH�FOLHQWV

PLJKW�QRW�HYHQ�QRWLFH� LW��DQG�FDQ�FRQWLQXH� WKHLU�ZRUN�DV� LI�QRWKLQJ�KDG�KDSSHQHG�� �7KLV�NLQG�RI� IDLOXUH� VXSSRUW� LV

TXLWH�GLIIHUHQW�IURP�WKH�WUDGLWLRQDO��UROOEDFN��UHFRYHU\��ZKHUH�WKH�FOLHQW¶V�ZRUN�LV�XQGRQH�DQG�ODWHU�KDV�WR�EH�UHGRQH�

7KH�SXUSRVH�RI�SHUVLVWHQW� WUDQVDFWLRQV� LV� WR� UHFRYHU� WKH� WUDQVDFWLRQ� VHUYHU� WR�EH� V\QFKURQL]HG�ZLWK� WKH� WUDQVDFWLRQ
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VWDWHV�LQ�WKH�FOLHQWV��DV�RSSRVHG�WR�YLFH�YHUVD���7KLV�LV�LPSRUWDQW�IRU�KXPDQ�RULHQWHG�V\VWHPV�ZKHUH�RSHUDWLRQV�VXFK

DV�HGLWLQJ�DQG�GHEXJJLQJ�WDNHV�D�ORQJ�WLPH�WR�ILQLVK��DQG�UROOLQJ�EDFN�WKH�RSHUDWLRQV��H�J���UHYHUWLQJ�WKH�ILOH�WKDW�KDV

EHHQ�HGLWHG��PD\�OHDG�WR�KHDY\�ORVV�RI�KXPDQ�ZRUN���$�FOLHQW�ZLOO�GHWHFW�WKH�FUDVK�RQO\�LI�LW�WULHV�WR�DFFHVV�-3HUQ/LWH

EHIRUH�LW� LV�UHVWDUWHG��DQDORJRXV�WR�WKH�FUDVK�DQG�UHVWDUW�RI�D�QRUPDO�ZHE�VHUYHU��+RZHYHU��RQFH�UHVWDUWHG��XQVDYHG

FKDQJHV��RQJRLQJ�WDVNV��HWF��RQ�WKH�FOLHQW�VLGH�FDQ�VWLOO�UHIHU�WR�WKH�WUDQVDFWLRQV�WKDW�WKH\�ZHUH�ZRUNLQJ�RQ�

7R�DFKLHYH�WUDQVDFWLRQ�SHUVLVWHQF\��DOO�WKH�WUDQVDFWLRQV�DUH�VWRUHG�LQ�WKH�REMHFW�EDVH�DV�ILUVW�FODVV�REMHFWV�DV�ZHOO��7KDW

LV��-3HUQ/LWH�LWVHOI�LV�D�FOLHQW�RI�D�WUDGLWLRQDO�GDWDEDVH��WKXV�PDLQWDLQLQJ�FUDVK�UHFRYHU\�LV�PDGH�HDVLHU���7KH�UHFRYHU\

PHFKDQLVP�LV�DOVR�XVHG�WR�UHFRYHU�WKH��VWXE��REMHFWV�LQ�FDVH�RI�VHUYHU�FUDVK����+RZHYHU��UHPHPEHU�WKDW�WKH�RULJLQDO

VHUYHU�V�� LV� �DUH�� VWLOO�ZKHUH� WKH� GDWD� OLYHV�� �7KHUHIRUH�� -3HUQ/LWH¶V� FUDVK� UHFRYHU\� GRHV� QRW� DIIHFW� WKH� DFWXDO� GDWD

VWRUHG�LQ�WKH�ZHE�VHUYHUV�EXW�UDWKHU�LWV�RZQ�FRS\�RI�WKH�GDWD�

5.4� Sessions

$�VHVVLRQ�UHSUHVHQWV�D�XVHU�DJHQW��HLWKHU�DQ�HQG�XVHU�RU�DQ�DSSOLFDWLRQ�� WKDW�HPSOR\V� WKH� WUDQVDFWLRQ�VHUYLFH�� �7KH

FRQFHSW� RI� VHVVLRQ� FDQ� EH� IRXQG� LQ� PDQ\� KXPDQ�RULHQWHG� DSSOLFDWLRQ� V\VWHPV�� � (VWDEOLVKLQJ� D� VHVVLRQ� ZLWK� WKH

WUDQVDFWLRQ�VHUYHU�JLYHV�WKH�XVHU�DJHQW�SHUPLVVLRQ�WR�DFFHVV�LWV�VHUYLFHV����,W�LV�TXLWH�VLPLODU�WR�D��ORJLQ��RSHUDWLRQ�

-3HUQ/LWH�DOORZV�WKH�VDPH�XVHU�WR�KDYH�PXOWLSOH�VHVVLRQV��DQG�HDFK�VHVVLRQ�FDQ�EH�GLVFRQQHFWHG�DQG�UHFRQQHFWHG�LQ

RUGHU�WR�FRQWLQXH�ZRUNLQJ�RQ�WKH�WUDQVDFWLRQV�WKDW�ZHUH�OHIW�XQILQLVKHG�LQ�D�SUHYLRXV�VHVVLRQ���7KLV�DOORZV�PRELOH�XVHU

DJHQWV��H�J���3'$V��WR�DWWDFK�WR�WKH�VHUYLFH�DW�DQ�DUELWUDU\� WLPH�DQG�ORFDWLRQ�� �0RELOH�FOLHQWV�DQG�DSSOLFDWLRQV�ZLWK

ORZ�EDQGZLGWK�FRQQHFWLRQ�FDQ�EH�EXLOW�LQ�VXFK�D�ZD\�WKDW�WKH\�RQO\�QHHG�WR�UHPHPEHU�LWV�RZQ�VHVVLRQ�,'��UHFRQQHFW

WR�-3HUQ/LWH�ZKHQHYHU�WKH\�KDYH�LQWHUQHW�FRQQHFWLRQ��DQG�FRQWLQXH�WKH�WDVN�RU�WUDQVDFWLRQ�LQ�-3HUQ/LWH�DW�DQ\ZKHUH�

7KH�QRWLRQ�RI� VHVVLRQ�DOVR� IDFLOLWDWHV�FROODERUDWLRQ�DPRQJ�XVHUV�EHFDXVH�XVHUV�FDQ�QRZ��WUDQVIHU�� VHVVLRQV� DPRQJ

HDFK�RWKHU�EDFN�DQG�IRUWK��SDVVLQJ�DURXQG�WKH�RQ�JRLQJ�WUDQVDFWLRQ�LQIRUPDWLRQ�� �)RU�H[DPSOH��RQH�XVHU�FDQ�VWDUW�D

VHVVLRQ��VWDUW�VRPH�WUDQVDFWLRQV��DQG�SHUIRUP�VRPH�GDWD�PDQLSXODWLRQ��WKHQ�WUDQVIHU�WKH�VHVVLRQ�WR�DQRWKHU�XVHU��H�J��

E\�FDOOLQJ�WKH�RWKHU�XVHU�DQG�WHOOLQJ�KLP�WKH�VHVVLRQ�,'����7KHQ��WKH�RWKHU�XVHU�FDQ�FDUU\�RQ�WKH�WDVN�WKDW�LV�DVVRFLDWHG

ZLWK�WKH�VHVVLRQ��E\�SUREDEO\�FUHDWH�PRUH�WUDQVDFWLRQV��FRPPLW�RU�DERUW�VRPH�RI�WKH�WUDQVDFWLRQV�FUHDWHG�E\�WKH�ILUVW

XVHU��RU�ZRUN�RQ�VRPH�RI�WKH�WUDQVDFWLRQV�WKDW�KH�KDV�EHHQ�JLYHQ�

%DVLFDOO\�WKH�QRWLRQ�RI�VHVVLRQ�LV�DQRWKHU�OHYHO�RI�LQGLUHFWLRQ�EHWZHHQ�WKH�XVHUV�DQG�WKH�WUDQVDFWLRQV���%\�QRW�IRUFLQJ

WKH�XVHUV�WR�EH�DVVRFLDWHG�ZLWK�HDFK�WUDQVDFWLRQ��-3HUQ/LWH�DOORZV�WKH�DSSOLFDWLRQ�EXLOGHUV�WR�FRQVWUXFW�PRUH�G\QDPLF

V\VWHPV��VXFK�DV�DJHQWV�PRYLQJ�DURXQG�WKH�,QWHUQHW�

6� Extending JPernLite
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-3HUQ/LWH� LV� GHVLJQHG� DQG� LPSOHPHQWHG� ZLWK� WKH� SULPDU\� JRDO� RI� H[WHQVLELOLW\�� � ,Q� WKLV� VHFWLRQ�� ZH� SUHVHQW� WKH

PHWKRGRORJ\�DQG�PHFKDQLVPV�DQ�DGPLQLVWUDWRU�PLJKW�XVH�LQ�RUGHU�WR�GHVLJQ�DQG�EXLOG�DSSOLFDWLRQ�VSHFLILF�(70V�RQ

WRS�RI�-3HUQ/LWH���:H�FRQFOXGH�WKLV�VHFWLRQ�ZLWK�VHYHUDO�H[DPSOHV�WKDW�H[SORUH�YDULRXV�H[WHQVLRQ�DUHDV�RI�-3HUQ/LWH�

6.1� Designing a JPernLite Extension

$SSOLFDWLRQ�DGPLQLVWUDWRUV��RU��SRVVLEO\��HQG�XVHUV��H[WHQG�-3HUQ/LWH�E\�ZULWLQJ�-DYD¹�SOXJ�LQ�IXQFWLRQV� WKDW�HDFK

RSHUDWHV� DV� D� �FDOOEDFN�� RI� D� VSHFLILHG� WUDQVDFWLRQ� RSHUDWLRQ�� 7KH� LGHD� RI� XVLQJ� SOXJ�LQ� FRGH� WR� FXVWRPL]H� D

WUDQVDFWLRQ�PDQDJHU�LV�GLVFXVVHG�LQ�PRUH�GHWDLO�LQ�>��@����-3HUQ/LWH�VHSDUDWHV�LWV�IXQFWLRQDOLW\�LQWR�WKH�IROORZLQJ�ILYH

DUHDV�

�� /RFNV��-3HUQ/LWH�VXSSRUWV� IOH[LEOH� ORFN�PRGHV�DQG�ORFN�FRPSDWLELOLW\�YLD�D�FXVWRPL]DEOH� ORFN� WDEOH�� �2QH

FDQ�HDVLO\�GHILQH�ORFN�PRGHV�DQG�VSHFLI\�WKH�FRPSDWLELOLW\�DPRQJ�WKHP��DQG�E\�GHIDXOW�-3HUQ/LWH�JXDUDQWHHV

WKH� LQWHJULW\� RI� DQ� REMHFW� E\� GLVDOORZLQJ� FRQIOLFWLQJ� ORFNV�� � �+RZHYHU�� DQ� DGPLQLVWUDWRU� FDQ�ZULWH� SOXJ�LQ

FRGH�WR�IXUWKHU�VSHFLDOL]H�WKH�ORFN�VHPDQWLFV�� �2QH�H[DPSOH� LV� WKH� LPSOHPHQWDWLRQ�RI� WZR�SKDVH� ORFNLQJ��D

WUDQVDFWLRQ�FDQQRW�DFTXLUH�QHZ�ORFNV�DIWHU�LW�VWDUWV� WR�XQORFN�� �6XFK�VRSKLVWLFDWHG�VHPDQWLFV� WKDW�FDQQRW�EH

UHSUHVHQWHG�E\�WKH�ORFNLQJ�WDEOH�PXVW�EH�FRGHG�LQ�WKH�SOXJ�LQV�YLD�WKH�$3,�RI�-3HUQ/LWH�>��@�

�� 7LPHVWDPS��(DFK�WUDQVDFWLRQ�RSHUDWLRQ�UHTXHVW�LV�DVVRFLDWHG�ZLWK�D�WLPHVWDPS���-3HUQ/LWH�GRHV�QRW�GLUHFWO\

XVH� WKH� WLPHVWDPS�� EXW� WKH� SOXJ�LQ� FDOOEDFN� FRGH� FDQ� XVH� LW� WR� LPSOHPHQW� WLPHVWDPS�EDVHG� FRQFXUUHQF\

FRQWURO�SROLFLHV�VXFK�DV�WLPHVWDPS�RUGHULQJ�>��@�

�� 7UDQVDFWLRQ�2SHUDWLRQV��+LJKHU�OHYHO�WUDQVDFWLRQ�RSHUDWLRQV�VXFK�DV�WR�EHJLQ�D�QHZ�WUDQVDFWLRQ��FRPPLW�RU

DERUW� D� WUDQVDFWLRQ�� DUH� DOVR� FXVWRPL]DEOH�� � %\� ZULWLQJ� SOXJ�LQ� FRGH�� RQH� FDQ� DOWHU� WKH� UHFRYHU\�UROOEDFN

SROLFLHV� DQG� FRPPLWPHQW� SURFHGXUH�� � %\� GHIDXOW�� -3HUQ/LWH� VXSSRUWV� QHVWHG� WUDQVDFWLRQV�� ZLWK� D� VWDQGDUG

WZR�SKDVH� FRPPLWPHQW� SURFHGXUH� DQG� DQ� DWRPLF� UHFRYHU\� SROLF\�� � � 2QH� FDQ� DOVR� DGG� QHZ� WUDQVDFWLRQ

RSHUDWLRQV� WR� -3HUQ/LWH� E\� SURYLGLQJ� H[WUD� SXEOLF�W[B� PHWKRGV� LQ� WKH� H[WHQGHG�7UDQVDFWLRQ� FODVVHV

�UHIHU�WR�VHFWLRQ���������LI�WKH�WUDQVDFWLRQ�PRGHO�WR�EH�LPSOHPHQWHG�KDV�RSHUDWLRQV�RWKHU�WKDQ�EHJLQ��DERUW�DQG

FRPPLW�

�� (YHQW�1RWLILFDWLRQ��2QH�FDQ�DOVR�QRWLI\�FOLHQWV�IRU�HYHQWV�RI�SRWHQWLDO� LQWHUHVW�� �)RU�H[DPSOH��DSSOLFDWLRQV

PLJKW�ZDQW�WR�EH�QRWLILHG�RI�DQ\�DFFHVVHV�E\�UHOHYDQW�XVHUV�RQ�GHVLJQDWHG�HQWLWLHV�RU�UHSRVLWRULHV���3XWWLQJ�WKH

HYHQW�QRWLILFDWLRQ�FDSDELOLW\�LQ�WKH�WUDQVDFWLRQ�VHUYHU��DV�RSSRVH�WR�LQ�WKH�FOLHQWV��PDNHV�LQIRUPDWLRQ�DERXW

WKH� RQJRLQJ� WUDQVDFWLRQV� DYDLODEOH� WR� WKH� HYHQW� QRWLILFDWLRQ� FDOOEDFNV�� � 7KH� FDOOEDFNV� FDQ� XVH� ZKDWHYHU

FRPPXQLFDWLRQ�SURWRFRO�WKDW�WKH�FOLHQW�UHFRJQL]HV��VXFK�DV�+773�RU�50,��WR�FRQWDFW�WKH�FOLHQW�

�� 'DWD�2SHUDWLRQV��7R�VXSSRUW�DSSOLFDWLRQV�XWLOL]LQJ�VHYHUDO�GLIIHUHQW�NLQGV�RI�EDFN�HQG�GDWD� VRXUFHV�� H�J��

64/�GDWDEDVHV�LQ�DGGLWLRQ�WR�:::��-3HUQ/LWH�SURYLGHV�PHDQV�IRU�LQWURGXFLQJ�QHZ�GDWD�DFFHVV�SURWRFROV�

6XFK�GDWD�RSHUDWLRQ�SOXJ�LQV�DUH�DOVR�XVHIXO�IRU�XWLOL]LQJ�WKH�FRQFXUUHQF\�FRQWURO�SROLFLHV�DYDLODEOH�IURP�WKH

EDFN�HQG�GDWD�VRXUFHV��H�J���D�ZHE�VHUYHU�WKDW�LPSOHPHQWV�:(%'$9�
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:H�LOOXVWUDWH�WKH�SURFHGXUH�IRU�GHVLJQLQJ�D�-3HUQ/LWH�H[WHQVLRQ�LQ�)LJXUH�����7KH�SURFHVV�LV�GLYLGHG�LQWR�WKUHH�VWDJHV�

ILUVW� GHWHUPLQLQJ� WKH� WUDQVDFWLRQ� RSHUDWLRQV�� WKHQ� GHFLGLQJ�ZKDW� FRQFXUUHQF\� FRQWURO�PHFKDQLVP� WR� XVH�� DQG� ODVW�

DQDO\]LQJ�ZKDW�RWKHU�QHFHVVDU\�IDFLOLWLHV�VXFK�DV�HYHQW�QRWLILFDWLRQ�DQG�GDWD�RSHUDWLRQV�DUH�QHHGHG���,Q�WKH�ILUVW�VWDJH�

RQH�GHWHUPLQHV�WKH�H[WUD�WUDQVDFWLRQ�RSHUDWLRQV�WKH�VSHFLILF�(70�QHHGV��WKH�GLIIHUHQFHV�EHWZHHQ�WKH�(70�DQG�WKH

VWDQGDUG�DWRPLF�WUDQVDFWLRQ�PRGHO�LQ�EHJLQ��FRPPLW�DQG�DERUW�SURFHGXUHV��DQG�WKH�WUDQVDFWLRQ�VWUXFWXUH���,I�FKDQJHV

DUH�QHFHVVDU\��RQH�WKHQ�VKRXOG�GHVLJQ�WKH�LQWHUIDFH�IRU�WKH�WUDQVDFWLRQ�RSHUDWLRQV��DQG�ZULWH�SOXJ�LQ�FDOOEDFN�FRGH�WR

DOWHU�WKH�EXLOW�LQ�EHJLQ��FRPPLW�RU�DERUW�SURFHGXUHV��E\�H[WHQGLQJ��VXEFODVV��WKH�7UDQVDFWLRQ�FODVV�RI�-3HUQ/LWH�

:KHQ�-3HUQ/LWH�VWDUWV�D�QHZ�WUDQVDFWLRQ��WKH�FOLHQW�FDQ�VSHFLI\��E\�QDPH��WKH�W\SH�RI�WUDQVDFWLRQ�LW�ZDQWV�WR�VWDUW��DQG

-3HUQ/LWH�ZLOO�LQVWDQWLDWH�WKH�FRUUHVSRQGLQJ�7UDQVDFWLRQ�FODVV�

)LJXUH����'HVLJQ�3URFHVV�RI�-3HUQ/LWH�([WHQVLRQ

'XULQJ� WKH� SURFHVV� RI� GHILQLQJ� D� WUDQVDFWLRQ� PRGHO�� RQH� PXVW� DOVR� FRQVLGHU� ZKDW� NLQG� RI� FRQFXUUHQF\� FRQWURO

PHFKDQLVP�LW�XVHV��DQG�GHVLJQ�WKH�QHFHVVDU\�ORFN�RU�WLPHVWDPS�EDVHG�FRQFXUUHQF\�FRQWURO�DOJRULWKPV���7KHQ��D�QHZ

ORFN�WDEOH�VKRXOG�EH�GHILQHG�DQG�XVHG�WR�FXVWRPL]H�-3HUQ/LWH�YLD�D�ORFN�WDEOH�ILOH���6RPHWLPHV�WKH�QHZ�ORFN�PRGHV

PD\�UHTXLUH�PRUH�VRSKLVWLFDWHG�VHPDQWLFV�WKDQ�PXWXDO��LQ�FRPSDWLELOLW\���,Q�WKLV�FDVH��LW�LV�QHFHVVDU\�WR�ZULWH�SOXJ�LQ

FRGH�WR�UHDOL]H�VXFK�VHPDQWLFV���7KH�SOXJ�LQ�FRGH�LV�ZULWWHQ�DV�WKH�FDOOEDFN�FRGH�RI�W[BORFN�DQG�W[BXQORFN�

)LQDOO\��LI�WKH�H[WHQVLRQ�LQYROYHV�IHDWXUHV�VXFK�DV�HYHQW�QRWLILFDWLRQ�RU�XWLOL]HV�DQ\�QRQ�VWDQGDUG�ZHE�VHUYHUV�RU�RWKHU

EDFN� HQG� GDWD� VRXUFHV�� DGGLWLRQDO� FDOOEDFN� SOXJ�LQV� VKRXOG� EH�ZULWWHQ� WR� UHDOL]H� VXFK� IHDWXUHV�� �$V�ZH�PHQWLRQHG

EHIRUH��D�ZHE�VHUYHU�PD\�RU�PD\�QRW�LPSOHPHQW�FRQFXUUHQF\�FRQWURO�IHDWXUHV�VXFK�DV�ZHE�SDJH�ORFNLQJ��WKHUHIRUH�WKH

WUDQVDFWLRQ�VHUYHU�PXVW�EH�SUHSDUHG�WR�EH�FXVWRPL]HG�WR�XVH�VXFK�IHDWXUHV���7KH�GDWD�RSHUDWLRQ�FDOOEDFNV�DUH�GRQH�E\

H[WHQGLQJ�WKH�'DWD2EMHFW�FODVV�LQ�-3HUQ/LWH�

7UDQVDFWLRQ�0RGHO
$QDO\VLV

$X[LOLDU\�)DFLOLWLHV
$QDO\VLV

&&�0HFKDQLVPV
$QDO\VLV

H[WUD�WUDQVDFWLRQ�RSHUDWLRQV
FDOOEDFNV�IRU�WUDQVDFWLRQ�RSHUDWLRQV

FDOOEDFNV�IRU�ORFN�XQORFN
XVH�RI�WLPHVWDPS

FRPPXQLFDWLRQ�WR�GDWD�VRXUFHV

HYHQW�QRWLILFDWLRQ�FDOOEDFNV

([WHQGHG
7UDQVDFWLRQ

&ODVVHV

([WHQGHG
'DWD2EMHFW

&ODVVHV
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-3HUQ/LWH� DOORZV� GLIIHUHQW� WUDQVDFWLRQ� PRGHOV� WR� FR�H[LVW�� HDFK� WUDQVDFWLRQ� PRGHO� LQKHULWV� DQG� H[WHQGV� WKH

7UDQVDFWLRQ� FODVV�� DQG�RQH� FDQ� VSHFLI\�ZKDW� FODVV� RI� WUDQVDFWLRQ� WR� VWDUW� LQ� WKH� DUJXPHQWV� WR� WKH�W[BEHJLQ

WUDQVDFWLRQ�RSHUDWLRQ�

6.2� Testing Plug-in Code

7HVWLQJ�WKH�SOXJ�LQ�FDOOEDFN�FRGH�WR�HQVXUH�WKH�FRUUHFWQHVV�RI�WKH�WUDQVDFWLRQ�PRGHO�LV�DOVR�DQ�LPSRUWDQW�LVVXH���,W�LV

GHVLUDEOH�WR�EH�DEOH�WR�WHVW�WKH�SOXJ�LQ�FRGH�DORQH��ZLWKRXW�WKH�VXSSRUWLQJ�-3HUQ/LWH�IUDPHZRUN���+RZHYHU��VLQFH�WKH

SOXJ�LQ� FRGH�PLJKW� DFFHVV� -3HUQ/LWH¶V� JOREDO� GDWDEDVHV�� WKDW� ZRXOG� UHTXLUH� D� WHVW�PRGXOH� ZKLFK� VLPXODWHV� WKHP�

%XLOGLQJ� VXFK� VLPXODWLRQ� GDWDEDVHV� FRXOG� EH� WLPH� FRQVXPLQJ�� � 2QH� ZRXOG� KDYH� WR� FRQVWUXFW� WKH� H[DFW� GDWDEDVH

LQWHUIDFHV�� VXSSRUW� DOO� WKH� IHDWXUHV� WKH\� H[SRUW� DQG� FUHDWH� WKH� REMHFWV� �RQJRLQJ� WUDQVDFWLRQV�� GDWD� REMHFWV� EHLQJ

DFFHVVHG��HWF���LQ�WKH�GDWDEDVHV�WR�PDWFK�WKH�WHVW�VFHQDULR�

:H�VHSDUDWH� WKH� WHVWLQJ�SURFHVV� LQWR� WZR�SDUWV�� WHVWLQJ� WKH� WUDQVDFWLRQ� FDOOEDFNV� DQG� WHVWLQJ�GDWD� DFFHVV� FDOOEDFNV�

7KH�WUDQVDFWLRQ�FDOOEDFN�WHVWLQJ�IRFXVHV�RQ�WKH�H[WHQGHG�7UDQVDFWLRQ�FODVVHV��DQG�GDWD�DFFHVV�WHVWLQJ�IRFXVHV�RQ

WKH� H[WHQGHG� 'DWD2EMHFW� FODVVHV�� � 7KLV� ZD\�� ZKHQ� DGPLQLVWUDWRUV� WHVW� WKH� WUDQVDFWLRQ� FDOOEDFNV�� XQQHFHVVDU\

QHWZRUN�WUDIILF�WR�DFFHVV�WKH�GDWD�REMHFWV�FDQ�EH�DYRLGHG�

7HVWLQJ� WKH� GDWD� DFFHVV� FDOOEDFNV� LV� UDWKHU� VLPSOH�� �$� VLPSOH� GULYHU� FDQ� EH�ZULWWHQ� WR� FDOO� WKH�5HDG��:ULWH�

([WHUQDO2S� DQG�8QGR([WHUQDO2S�PHWKRGV�DQG�FKHFN� WKH�HIIHFWV�RI� WKHVH�PHWKRGV�E\� ORRNLQJ� DW� WKH� DFWXDO

GDWD�VWRUHG�LQ�WKH�GDWD�VRXUFHV��H�J���WKH�ZHE�VHUYHUV�

7R� WHVW� WKH� WUDQVDFWLRQ� FDOOEDFNV�� RQH� FRXOG� LQWHJUDWH� WKHP� LQWR� -3HUQ/LWH�ZLWK� QR� H[WHQGHG� GDWD� DFFHVV�PRGXOHV�

,QVWHDG��D�'80%B'DWD2EMHFW�FODVV�FRXOG�EH�XVHG�WR�KDQGOH�DOO�WKH�GDWD�REMHFW�DFFHVVHV�� �'80%B'DWD2EMHFW

QRUPDOO\�UHWXUQV�VXFFHVV�RQ�GDWD�UHDG�DQG�ZULWH���7R�WHVW�WKH�FDVHV�ZKHUH�WKH�WUDQVDFWLRQ�PRGHO�GHDOV�ZLWK�GDWD�DFFHVV

IDLOXUHV��D�UDQGRP�IDFWRU�FDQ�EH�LQWURGXFHG���7R�YHULI\�WKH�FRUUHFW�H[HFXWLRQ�RI�WUDQVDFWLRQV�IRU�RXU�H[DPSOH�(70V�

ZH�SURGXFHG�D�ORJ�RI�DOO� WKH� WUDQVDFWLRQ�UHTXHVWV�DQG� WKHLU� UHVXOWV�DQG�PDQXDOO\�ZHQW�RYHU� WKH� OLVW�� �6SHFLILF�FDVH�

EDVHG�WHVWV�FDQ�DOVR�EH�GRQH�LQ�WKLV�IDVKLRQ��E\�VHWWLQJ�XS�WKH�VFHQDULR�RQH�ZDQWV�WR�WHVW�ILUVW�

6.3� Plug-in Interface and API

,Q�RUGHU�WR�UHDOL]H�(70V�RQ�WRS�RI�-3HUQ/LWH��RQH�QHHGV�WR�VXEFODVV��RU�H[WHQG��LQ�-DYD¹�WHUPLQRORJ\��WZR�-DYD¹

FODVVHV��7UDQVDFWLRQ�DQG�'DWD2EMHFW���7KH�H[WHQGHG�7UDQVDFWLRQ�FODVV�KROGV�WKH�SOXJ�LQ�FRGH�IRU�ORFNV�

WLPHVWDPSV�DQG�WUDQVDFWLRQ�RSHUDWLRQV��WKH�H[WHQGHG�'DWD2EMHFW�FODVV�KROGV�WKH�SOXJ�LQ�FRGH�IRU�EDFN�HQG�GDWD

DFFHVV����(YHQW�QRWLILFDWLRQ�FRGH�PD\�EH�ZULWWHQ�LQ�HLWKHU�RU�ERWK�FODVVHV�
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6.3.1� The 7UDQVDFWLRQ &ODVV

7KH�EDVLF�7UDQVDFWLRQ�FODVV� �)LJXUH� ��� GHILQHV� WUDQVDFWLRQ�PHWKRGV� VXFK� DV� EHJLQ�FRPPLW�DERUW� D� WUDQVDFWLRQ

DQG�ORFN�XQORFN�DQ�REMHFW����$OO�WKH�WUDQVDFWLRQ�PHWKRGV�WDNH�WKUHH�SDUDPHWHUV���JOREDO��FRQWDLQV�WKH�KDQGOHUV�WR

GDWDEDVHV� VXFK� DV� WKH� WUDQVDFWLRQ� EDVH� DQG� UHFRYHU\� EDVH�� �VHV�� GHVFULEHV� WKH� VHVVLRQ� HQWU\� IURP� ZKLFK� WKLV

WUDQVDFWLRQ�PHWKRG�LV�LVVXHG���DUJV��SDVVHV�FOLHQW�SDUDPHWHUV�WR�WKH�WUDQVDFWLRQ�PHWKRG���6RPH�H[DPSOHV�RI�FOLHQW

SDUDPHWHUV�LQFOXGH�WKH�85/�RI�WKH�REMHFW�WR�EH�ORFNHG��WKH�ORFN�PRGH�RI�WKH�ORFN�WKDW�WKH�FOLHQW�UHTXLUHV��RU�WKH�QDPH

RI�WKH�WUDQVDFWLRQ�FODVV�WR�VWDUW����7KH�FOLHQW�FDQ�SDVV�DV�PDQ\�SDUDPHWHUV�WR�WKH�WUDQVDFWLRQ�PHWKRG�DV�LW�ZLVKHV��EXW

WKH�GHIDXOW� WUDQVDFWLRQ�PHWKRGV�DV�GHILQHG� LQ� WKH�EDVH�7UDQVDFWLRQ� FODVV�RQO\�XVH� WKH� ILUVW� IHZ�DV� LQGLFDWHG� LQ

)LJXUH� ��� � +RZHYHU�� VLQFH� WKH� FOLHQW� SDUDPHWHUV� DUH� SDVVHG� WR� WKH� FDOOEDFNV�� WKH\� VHUYH� DV� DQ� LPSRUWDQW� EULGJH

EHWZHHQ�WKH�FOLHQW�DQG�WKH�SOXJ�LQ�FRGH�

SXEOLF�FODVV�7UDQVDFWLRQ�^

��SXEOLF�7[2S5HVXOW�W[BEHJLQ�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

��SXEOLF�7[2S5HVXOW�W[BDERUW�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

��SXEOLF�7[2S5HVXOW�W[BFRPPLW�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

��SXEOLF�7[2S5HVXOW�W[BORFN�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

��SXEOLF�7[2S5HVXOW�W[BXQORFN�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

��SXEOLF�7[2S5HVXOW�W[BGDWD2S�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��

`

SXEOLF�&%UHVXOW�W[BXQORFNBDIWHU�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�U��

)LJXUH�����7KH�7UDQVDFWLRQ�&ODVV

$SSOLFDWLRQ� DGPLQLVWUDWRUV� VXEFODVV� WKH� 7UDQVDFWLRQ� FODVV� DQG� ZULWH� FDOOEDFNV� WR� DOWHU� WKH� H[HFXWLRQ� RI� WKH

PHWKRGV���7KHUH�DUH�WKUHH�NLQGV�RI�FDOOEDFNV��FDWHJRUL]HG�E\�ZKHQ�WKH\�DUH�FDOOHG�

�� �EHIRUH��FDOOEDFN��FDOOHG�EHIRUH�WKH�PHWKRG�LV�H[HFXWHG

�� �DIWHU��FDOOEDFN��FDOOHG�DIWHU�WKH�PHWKRG�LV�VXFFHVVIXOO\�H[HFXWHG

�� �HUURU�� FDOOEDFN�� FDOOHG�ZKHQ� WKH�PHWKRG� IDLOV�� � $Q� HUURU� FRGH� DQG� D� OLQH� RI� WH[W� H[SODLQLQJ�ZK\� WKH

RSHUDWLRQ�ZDV�IDLOHG�LV�SDVVHG�WR� WKH�FDOOEDFN�YLD� WKH�RSBUHV�SDUDPHWHU�VR� WKDW� WKH�IDLOXUH�UHDVRQ�LV�ERWK

PDFKLQH�UHFRJQL]DEOH�DQG�KXPDQ�UHDGDEOH�

$OO� WKH�PHWKRGV� OLVWHG� LQ� WKH� LQWHUIDFH�FDQ�KDYH� FDOOEDFNV�� � ,Q� DGGLWLRQ�� DQ� LPSOLFLW�PHWKRG�5ROOEDFN��ZKLFK� LV

FDOOHG�ZKHQ�D�WUDQVDFWLRQ�LV�DERUWHG��FDQ�DOVR�KDYH�FDOOEDFNV���7KH�QDPH�RI�HDFK�FDOOEDFN�PHWKRG�LV�WKHLU�FDWHJRU\

QDPH� ��EHIRUH��� �DIWHU��� �HUURU��� XQGHUVFRUH�SUHIL[HG� E\� WKH� WUDQVDFWLRQ� PHWKRG� QDPH

��W[BEHJLQ����W[BORFN����5ROOEDFN��HWF�����7KH�LQWHUIDFH�IRU�FDOOEDFN�PHWKRGV�LV�DOVR�VKRZQ�LQ�)LJXUH

��� � )RU� WKH��HUURU�� DQG��DIWHU�� FDOOEDFNV�� WKH��RSBUHV�� SDUDPHWHU� FRQWDLQV� WKH� UHVXOW� RI� WKH� WUDQVDFWLRQ

PHWKRG�
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7KH� DGPLQLVWUDWRU� FDQ� FKRRVH� WR� ZULWH� RQH� RU� PRUH� RI� WKH� SRVVLEOH� FDOOEDFNV� IRU� DQ\� RI� WKHVH� RSHUDWLRQV�� 7KH

FDOOEDFNV�FDQ�DVN�-3HUQ/LWH��YLD�WKH��&%UHVXOW��UHWXUQ�YDOXH��WR�LJQRUH�HUURUV��VWRS�WKH�FXUUHQW�RSHUDWLRQ�DQG�VWDUW

DQRWKHU�RQH�LQVWHDG��RU�UHWXUQ�FHUWDLQ�LQIRUPDWLRQ�WR�WKH�FOLHQW���7KH�FDOOEDFNV�KDYH�DFFHVV�WR�D�ZLGH�UDQJH�RI�REMHFWV

LQ�-3HUQ/LWH�WKURXJK�WKH�$3,�RI� WKH�GDWDEDVHV� LQ��JOREDO���7KH\�FDQ�DOVR�PDNH�YDULRXV�RXWVLGH�FRQQHFWLRQV�RQ

WKHLU�RZQ��VXFK�DV�QRWLI\LQJ�WKH�FOLHQW�RI�FHUWDLQ�HYHQWV�

7KH�DGPLQLVWUDWRU�FDQ�DOVR�FKRRVH�WR�ZULWH�DGGLWLRQDO�WUDQVDFWLRQ�RSHUDWLRQV�IRU�WKH�VSHFLILF�WUDQVDFWLRQ�PRGHO���)RU

H[DPSOH��DQ�RSHUDWLRQ� WR�FKHFN� LI�D� ORFN� LV�DYDLODEOH�RU�KDV�H[SLUHG�FDQ�EH�GRQH� LQ� WKLV� IDVKLRQ�� �6XFK�DGGLWLRQDO

WUDQVDFWLRQ� RSHUDWLRQV� FDQ� VLPSO\� EH� DGGHG� WR� WKH� VSHFLILF� 7UDQVDFWLRQ� FODVV� DV� SXEOLF� PHWKRGV�� H�J��� D

W[BFKHFNBORFN�PHWKRG�WKDW�KDV�WKH�VDPH�LQWHUIDFH�DV�WKH�SUH�GHILQHG�WUDQVDFWLRQ�RSHUDWLRQV�

6.3.2� The DataObject Class

7KH�'DWD2EMHFW�FODVV�PRGHOV�WKH�GDWD�REMHFW�WKDW�UHVLGHV�RQ�WKH�:::�RU�RWKHU�SRWHQWLDO�GDWD�VRXUFH��VXFK�DV�DQ

64/�VHUYHU��D� OHJDF\�GDWDEDVH� WKDW� VSHDNV�+773��D�&25%$�REMHFW�DQG�VR� IRUWK�� �%\�GHIDXOW�� -3HUQ/LWH�GRHV�QRW

NQRZ�KRZ� WR� FRPPXQLFDWH�ZLWK� WKHVH�GDWD� VRXUFHV� WR� DFFHVV� DQG�PDQLSXODWH� WKH�REMHFWV�� �:KHQHYHU� DQ� REMHFW� LV

DFFHVVHG�� -3HUQ/LWH� VHDUFKHV� LQ� WKH� VXEFODVV� FODVVHV� RI� WKH� 'DWD2EMHFW� FODVV� DQG� ORRNV� IRU� WKH� RQH� WKDW� LV

GHVLJQHG�WR�KDQGOH�VXFK�GDWD�REMHFWV�

$OO�WKH�GDWD�REMHFWV�PXVW�KDYH�D�VWULQJ�QDPH��DOWKRXJK�WKH�FKRLFH�RI�WKH�QDPH�LV�WRWDOO\�XS�WR�WKH�DSSOLFDWLRQV���)RU

H[DPSOH��LI�DQ�REMHFW�LV�D�&25%$�REMHFW��WKH�QDPH�FRXOG�EH�FRUED���P\RUE�REMHFW1DPH���-3HUQ/LWH�ZRXOG

ORRN� IRU� D� FODVV� WKDW� LV�ZLOOLQJ� WR� DFFRPPRGDWH� VXFK� DQ� REMHFW� E\� FDOOLQJ� WKH�3URFHVVHV�PHWKRG�� �7KH� -DYD¹

LQWHUIDFH�IRU�'DWD2EMHFW� LV�VKRZQ�LQ�)LJXUH���� �7KHUH�DUH�WZR�PHWKRGV�IRU�UHDG�DQG�ZULWH��ZKLFK�DUH�FDOOHG�E\

-3HUQ/LWH�ZKHQHYHU�D�FOLHQW�DFFHVVHV�WKH�REMHFW�

����SXEOLF�LQWHUIDFH�'DWD2EMHFW�^

������SXEOLF�ERROHDQ�3URFHVVHV��6WULQJ�QDPH��

������SXEOLF�7[2S5HVXOW�5HDG�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��7UDQVDFWLRQ�W[��6WULQJ�DUJV>@��

������SXEOLF�7[2S5HVXOW�:ULWH�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��7UDQVDFWLRQ�W[�

��������6WULQJ�QHZBFRQWHQW��6WULQJ�DUJV>@��

������SXEOLF�7[2S5HVXOW�([WHUQDO23�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��7UDQVDFWLRQ�W[��6WULQJ�DUJV>@��

������SXEOLF�7[2S5HVXOW�8QGR([WHUQDO23�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��7UDQVDFWLRQ�W[�

� ���������'DWD2SHUDWLRQ�GRS��

����`

)LJXUH����7KH�'DWD2EMHFW�,QWHUIDFH

7KHUH�DUH�DOVR�WZR�JHQHULF�PHWKRGV��([WHUQDO2S�DQG�8QGR([WHUQDO2S��WR�SHUIRUP�RWKHU�RSHUDWLRQV�VSHFLILF

WR�WKDW�W\SH�RI�GDWD�REMHFW��DQG�UHPRYH�WKH�HIIHFWV�RI�VXFK�GDWD�RSHUDWLRQV�ZKHQ�-3HUQ/LWH�UROOV�EDFN�D�WUDQVDFWLRQ�

)RU�H[DPSOH��-3HUQ/LWH�FDOOV�WKH�([WHUQDO23�RI�D�GDWD�REMHFW�WR�SHUIRUP�ORFN�RSHUDWLRQV�DW�WKH�GDWD�VRXUFH���,I�D
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VSHFLILF� W\SH� RI� GDWD� VXSSRUWV� ORFNLQJ� �H�J��� D� ZHE� SDJH� RQ� D� ZHE� VHUYHU� WKDW� LPSOHPHQWV� :(%'$9��� WKH

([WHUQDO2S�PHWKRG�FDQ�EH� LPSOHPHQWHG� WR�VXSSRUW� LW�� �7KHVH�PHWKRGV�FDQ�EH�FDOOHG�E\� WKH� WUDQVDFWLRQ�FODVVHV

WKDW� XVH� VSHFLILF� W\SHV� RI� EDFN� HQG� GDWD� REMHFWV�� � � )RU� H[DPSOH�� D� &25%$� REMHFW� FDQ� EH� DFFHVVHG� E\�ZULWLQJ� D

&25%$B'DWD2EMHFW�FODVV� WKDW� LV�HVVHQWLDOO\� WKH�VWXE�IRU� WKH� LQWHUIDFHV�� �0HWKRGV�RWKHU� WKDQ�UHDG�DQG�ZULWH�DUH

QDWXUDOO\�PDSSHG�WR�([WHUQDO2S�DQG�WKH�UHFRYHU\�RI�VXFK�PHWKRGV�DUH�ZULWWHQ�LQ�WKH�8QGR([WHUQDO2S�

6.3.3� Global Databases API

:KHQ�D�FDOOEDFN�LV�LQYRNHG��LW�LV�JLYHQ�WKH�JOREDO�SDUDPHWHU�WKDW�FRQWDLQV�D�FROOHFWLRQ�RI�GDWDEDVHV�RI�-3HUQ/LWH�

�� 7UDQVDFWLRQ�EDVH��WKH�GDWDEDVH�WKDW�VWRUHV�DOO�WKH�RQ�JRLQJ�WUDQVDFWLRQV�

�� 5HFRYHU\�EDVH��WKH�GDWDEDVH�WKDW�VWRUHV�DOO�WKH�VWXE�REMHFWV�RI�WKH�GDWD�REMHFWV�FXUUHQWO\�EHLQJ�XVHG�

�� 6HVVLRQ�EDVH��WKH�GDWDEDVH�WKDW�VWRUHV�DOO�DFWLYH�VHVVLRQV�

�� /RFN�WDEOH��WKLV�LV�QRW�H[DFWO\�D�GDWDEDVH��EXW�UDWKHU�DQ�REMHFW�WKDW�VWRUHV�WKH�ORFN�WDEOH�XVHG�E\�-3HUQ/LWH�

7KH�$3,�RI�WKHVH�GDWDEDVHV��RU�GDWD�VWUXFWXUHV��LV�WKH�LQWHUIDFH�EHWZHHQ�WKH�FDOOEDFN�FRGH�DQG�-3HUQ/LWH���,W�LV�IXOO\

VSHFLILHG�LQ�>��@�

6.4� Example JPernLite Extensions

6.4.1� Two-Phase Locking

7KH� ILUVW�H[DPSOH�ZH�VKRZ�KHUH� LV� WKH�FDOOEDFN�FRGH� WR� LPSOHPHQW�7ZR�3KDVH�/RFNLQJ� LQ� -3HUQ/LWH�� �7ZR�SKDVH

ORFNLQJ� LV� WKH� VWDQGDUG� DOJRULWKP� XVHG� WR� JXDUDQWHH� VHULDOL]DELOLW\� DPRQJ� FRQIOLFWLQJ� WUDQVDFWLRQV� LQ� WUDGLWLRQDO

GDWDEDVH� V\VWHPV�� �+HUH�ZH� LPSOHPHQW� D� FRPPRQ�YDULDQW� RI� LW�� D� WUDQVDFWLRQ� LV� GLYLGHG� LQWR� DQ� �JURZLQJ�� SKDVH

ZKHUH�D�WUDQVDFWLRQ�DFTXLUHV�ORFNV�DQG�D��VKULQNLQJ��SKDVH�ZKHUH�D�WUDQVDFWLRQ�UHOHDVHV�DOO�ORFNV�

���SXEOLF�&%UHVXOW�W[BORFNBEHIRUH�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�UHV��^

�����LI���%RROHDQ�*HW$WW��VKULQNLQJ����^

�������7[2S5HVXOW�U�

U QHZ�7[2S5HVXOW�7[2S5HVXOW�(5525���3HUQ(UURU����&DQQRW�ORFN�DIWHU�VWDUWHG�XQORFN���

UHWXUQ�QHZ�&%UHVXOW�U������OHW�W[BORFN�UHWXUQ��U��LPPHGLDWHO\

�����`�HOVH�UHWXUQ�QHZ�&%UHVXOW�������OHW�W[BORFN�FRQWLQXH�QRUPDOO\

���`

���SXEOLF�&%UHVXOW�W[BXQORFNBDIWHU�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�UHV��^

�����6HW$WW��VKULQNLQJ���QHZ�%RROHDQ�WUXH���

�����UHWXUQ�QHZ�&%UHVXOW����������OHW�W[BXQORFN�FRQWLQXH�QRUPDOO\

���`

)LJXUH����7ZR�3KDVH�/RFNLQJ
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)LJXUH� �� VKRZV� RXU� LPSOHPHQWDWLRQ� RI� WZR�SKDVH� ORFNLQJ� XVLQJ� WZR� FDOOEDFNV�� W[BXQORFNBDIWHU� DQG

W[BORFNBEHIRUH���W[BXQORFNBDIWHU�PDUNV�WKH�WUDQVDFWLRQ�WR�EH�LQ�WKH��VKULQNLQJ��SKDVH�XSRQ�D�VXFFHVVIXO

XQORFN�RSHUDWLRQ��DQG�W[BORFNBEHIRUH�SUHYHQWV�D�WUDQVDFWLRQ�LQ�WKH��VKULQNLQJ��SKDVH�IURP�REWDLQLQJ�DQ\�QHZ

ORFNV�

6.4.2� Sagas

6DJDV�>��@�DUH�EDVHG�RQ�WKH�FRQFHSW�RI�D�FRPSHQVDWLQJ�WUDQVDFWLRQ��ZKHUH�HDFK�WUDQVDFWLRQ�PD\�EH�FRPSHQVDWHG�WR

VHPDQWLFDOO\�XQGR�LWV�HIIHFWV����1RWH�WKDW�WKH�XQLW�RI�FRPSHQVDWLRQ�LV�QRW�DWRPLF�GDWD�DFFHVV�VXFK�DV�LQFUHPHQWLQJ�DQ

LQWHJHU�E\�RQH��EXW�LQVWHDG�LV�WKH�XQLW�RI�D�WUDQVDFWLRQ��$�6DJD�LV�D�ORQJ�OLYHG�WUDQVDFWLRQ�OLNH�XQLW�WKDW�FRQVLVWV�RI�D

VHW�RI�VXE�WUDQVDFWLRQV��7���7�������7Q���HDFK�RQH�DVVRFLDWHG�ZLWK�D�FRPSHQVDWLQJ� WUDQVDFWLRQ��&���&��� ����&Q���7KH

H[HFXWLRQ�RI�D�6DJD�LV�WKDW�HLWKHU�WKH�VHTXHQFH�7���7�������7Q�RU�WKH�VHTXHQFH�7���7�������7N��&N������&���&���ZKHUH

�� N�� Q��LV�H[HFXWHG���7KH�GHJUHH�RI�FRQFXUUHQF\�LV�LQFUHDVHG�E\�WKH�IDFW�WKDW�HDFK�VXE�WUDQVDFWLRQ��7���7�������7Q�

FDQ�EH�FRPPLWWHG�ULJKW�DIWHU�LW�ILQLVKHV��DQG�WKHUHIRUH�UHVRXUFHV�FDQ�EH�UHOHDVHG�DV�HDUO\�DV�SRVVLEOH�DQG�UHXVHG�E\

RWKHU�WUDQVDFWLRQV� ��

:H� UHDOL]H� 6DJDV� E\� DGGLQJ� WZR� FDOOEDFNV��W[BEHJLQBDIWHU� DQG�W[BDERUWBEHIRUH�� ZKLFK� DUH� VKRZQ� LQ

)LJXUH�����,Q�W[BEHJLQBDIWHU��ZH�REWDLQ�WKH�W\SH�RI�WKH�VXE�WUDQVDFWLRQ�IURP�WKH�FOLHQW�SDUDPHWHU��DQG�VWRUH�LW�LQ

WKH�WUDQVDFWLRQ�EDVH�E\�VHWWLQJ�DQ�DWWULEXWH�RI�WKH�FXUUHQW�WUDQVDFWLRQ���/DWHU��ZKHQ�ZH�DUH�DERXW�WR�DERUW�D�6DJD��ZH

H[HFXWH�WKH�FRPSHQVDWLQJ�WUDQVDFWLRQV�LQ�UHYHUVH�RUGHU�

���SXEOLF�FODVV�6DJDVB7UDQVDFWLRQ�H[WHQGV�7UDQVDFWLRQ�^

�����SXEOLF�&%UHVXOW�W[BEHJLQBEHIRUH�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�U��^

LI��*HW$WW��7UDQVDFWLRQ7\SH��� QXOO��^����WKLV�LV�D�OHDI�QRGH�WUDQVDFWLRQ

��7[2S5HVXOW�UHV� �QHZ�7[2S5HVXOW�7[2S5HVXOW�(5525���3HUQ(UURU��

������������������������&DQQRW�VWDUW�VXE�WUDQVDFWLRQ�RQ�OHDI�QRGH�WUDQVDFWLRQV���

��UHWXUQ�QHZ�&%UHVXOW�UHV��

�������`

UHWXUQ�QHZ�&%UHVXOW���

�����`

�����SXEOLF�&%UHVXOW�W[BEHJLQBDIWHU�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�U��^

LI��DUJ�OHQJWK�!����^��������������������������OHDI�QRGH�WUDQVDFWLRQ

��6WULQJ�W[BLG� �U�7[,QIR��3HUQ7[,'��������,'�RI�WKH�QHZ�WUDQVDFWLRQ

��7UDQVDFWLRQ�W� �J�WUDQVDFWLRQ%DVH�)LQG7;�W[BLG��

��W�6HW$WW��7UDQVDFWLRQ7\SH���DUJ>�@�����������IRU�XVH�RI�FRPSHQVDWLRQ

`

UHWXUQ�QHZ�&%UHVXOW���

�����`

�����SXEOLF�&%UHVXOW�W[BDERUWBEHIRUH�3HUQ*OREDO�J��6HVVLRQ(QWU\�V��6WULQJ�DUJ>@��7[2S5HVXOW�U��^

7UDQVDFWLRQ�W�

6WULQJ�W[BW\SH� ��6WULQJ�*HW$WW��7UDQVDFWLRQ7\SH���
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LI��W[BW\SH�  �QXOO��^��������������WKLV�LV�D�WRS�OHYHO�6DJDV�WUDQVDFWLRQ

�����FRPSHQVDWH�WKH�VXE�WUDQVDFWLRQV�LQ�UHYHUVH�RUGHU��QR�FRPSHQVDWLRQ�IDLOXUH

��IRU��LQW�L� �FKLOGUHQ�VL]H������L! ���L����^

����W� �J�WUDQVDFWLRQ%DVH�)LQG7;��6WULQJ�FKLOGUHQ�HOHPHQW$W�L���

����W[BW\SH� ��6WULQJ�W�*HW$WW��7UDQVDFWLRQ7\SH���

����LI��W[BW\SH�  �QXOO��^����������WKLV�LV�DQRWKHU�6DJDV�WUDQVDFWLRQ

���������0HWKRG&DOOHU�ZLOO�FDOO�WKH�FDOOEDFNV�LI�WKH\�DUH�GHILQHG�

������0HWKRG&DOOHU�&DOO7;PHWKRG�J��V��W���W[BDERUW���DUJ��

����`HOVH^��������������������������WKLV�LV�D�OHDI�QRGH�LQ�WKH�WUDQVDFWLRQ�WUHH

������VZLWFK��W�6WDWXV����^

������FDVH�$/,9(��������������������KDVQ
W�FRPPLWHG�\HW

��������0HWKRG&DOOHU�&DOO7;PHWKRG�J��V��W���W[BDERUW���DUJ��

��������EUHDN�

������FDVH�&200,77('�

�����������DVN�LWVHOI�WR�UXQ�WKH�FRPSHQVDWH�WUDQVDFWLRQ

��������W�FRPSHQVDWH�J��V��DUJ��

��������EUHDN�

������FDVH�$%257('������������������DOUHDG\�DERUWHG��GR�QRWKLQJ

��������EUHDN�

������`

����`

��`

�����DIWHU�FRPSHQVDWLRQ��VLPSO\�OHW�W[BDERUW�WR�UHWXUQ�VXFFHVV

��UHWXUQ�QHZ�&%UHVXOW�QHZ�7[2S5HVXOW����

�������`

UHWXUQ�QHZ�&%UHVXOW��������RWKHUZLVH��FRQWLQXH�QRUPDO�DERUW

�����`

���`

)LJXUH�����([WHQGHG�7UDQVDFWLRQ�&ODVV�IRU�6DJDV

6.4.3� Access Notification

7KLV� H[DPSOH� VKRZV� KRZ� WKH� ORFN� WDEOH� LV� XVHIXO� LQ� H[WHQGLQJ� -3HUQ/LWH�� � 7KH� H[DPSOH� LV� WR� UHDOL]H� DQ� DFFHVV

QRWLILFDWLRQ�IHDWXUH�ZKHUH�D�FOLHQW�FDQ�EH�QRWLILHG�ZKHQHYHU�DQRWKHU�XVHU�DFFHVVHV�D�FHUWDLQ�GDWD�REMHFW���2QH�ZRXOG

VHW�XS�D�ORFN�WDEOH�DV�VKRZQ�LQ�)LJXUH����ZKHUH�D�QHZ�ORFN�PRGH�(�WKDW�LV�FRPSDWLEOH�ZLWK�DOO�RWKHU�ORFN�PRGHV�LV

LQWURGXFHG���7KH�ORFN�WDEOH�LV�ORDGHG�LQ�WR�-3HUQ/LWH�YLD�D�ORFN�FRPSDWLELOLW\�ILOH���7KHUHIRUH��WKH�ORFN�WDEOH�LV�JOREDO

WR� -3HUQ/LWH�� �$OO� WKH� WUDQVDFWLRQ� FODVVHV� VKDUH� WKH� VDPH� VHW� RI� ORFN�PRGHV� DQG� WKHLU�PXWXDO� FRPSDWLELOLW\�� � 7KLV

GHVLJQ�FKRLFH�LV�PDGH�VR� WKDW� WKH� WUDQVDFWLRQ�PRGHO�GHVLJQHUV�KDYH� WR�H[SOLFLWO\�GHDO�ZLWK� WKH� ORFN� WDEOH�FRQIOLFWV�

GLIIHUHQW�(70V�PD\�KDYH�GLIIHUHQW�FRPSDWLELOLW\�EHWZHHQ�WKH�VDPH�VHW�RI�ORFN�PRGHV���,I�ZH�KLGH�WKH�GLIIHUHQFH�E\

SURYLGLQJ�HDFK�WUDQVDFWLRQ�PRGHO�D�VHSDUDWH�ORFN�WDEOH��WKH�FKDQFHV�WR�KDYH�DQ�XQNQRZQ�ORFN�WDEOH�FRQIOLFW�ZLOO�EH

JUHDWO\�LQFUHDVHG�

7KHUH�DUH�VHYHUDO�SODFHV�ZKHUH�WKH�SOXJ�LQ�FDOOEDFN�FRGH�FDQ�EH�ZULWWHQ�WR�QRWLI\�DOO�XVHUV�ZKR�KROG�DQ�(�ORFN�RQ�WKH

WDUJHW� GDWXP�� � 2QH� SRVVLELOLW\� LV� LQ� WKH� W[BORFNBDIWHU� FDOOEDFN�� ZKLFK� LV� FDOOHG� ZKHQ� WKH� WDUJHW� GDWXP� LV
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VXFFHVVIXOO\� ORFNHG�� �7KH� VHFRQG� SRVVLELOLW\� LV� LQ� WKH�W[BORFNBEHIRUH� FDOOEDFN��ZKLFK� LV� FDOOHG�ZKHQ� D� XVHU

DWWHPSWV�WR�REWDLQ�D�ORFN���2QH�FDQ�DOVR�ZULWH�D�W[BGDWD2SBEHIRUH�RU�W[BGDWD2SBDIWHU�WKDW�QRWLILHV�WKH

FOLHQW�ULJKW�EHIRUH�RU�DIWHU�WKH�DFWXDO�GDWD�RSHUDWLRQ���7KH�DGPLQLVWUDWRU�VKRXOG�PDNH�WKH�FKRLFH�EDVHG�RQ�WKH�H[DFW

VHPDQWLFV� WKDW� WKH� DFFHVV� QRWLILFDWLRQ� LV� LQWHQGHG� WR� DFKLHYH�� � )LJXUH� ��� VKRZV� DQ� H[DPSOH� FDOOEDFN� IRU

W[BORFNBDIWHU�� � 7KH� FRPPXQLFDWLRQ� EHWZHHQ� WKH� FDOOEDFN� DQG� WKH� FOLHQW� LV� KLGGHQ� LQ� WKH� PHWKRG

QRWLI\BFOLHQW����ZKLFK�LV�DSSOLFDWLRQ�VSHFLILF�

)LJXUH����/RFN�7DEOH�IRU�$FFHVV�1RWLILFDWLRQ

���SXEOLF�FODVV�$1B7UDQVDFWLRQ�H[WHQGV�7UDQVDFWLRQ�^

�����SXEOLF�&%UHVXOW�W[BORFNBDIWHU�3HUQ*OREDO�J��6HVVLRQ(QWU\�VHV��6WULQJ�DUJ>@��7[2S5HVXOW�U��^

5HFRYHU\,WHP��GDWD� �J�UHFRYHU\%DVH�HQVXUH,WHP�V��WKLV��DUJ>�@��

9HFWRU��������ORFNV� �GDWD�ORFNV���

IRU��LQW�L ���L�ORFNV�VL]H����L���^

��'DWD2SHUDWLRQ�ORFN� ��'DWD2SHUDWLRQ�ORFNV�HOHPHQW$W�L��

��LI����6WULQJ�ORFN�*HW$WW��ORFNBPRGH����HTXDOV��(����^

����7UDQVDFWLRQ�W� �ORFN�7;���

����6HVVLRQ(QWU\�V� �J�VHVVLRQ%DVH�)LQG6HVVLRQ�W�6HVVLRQ����

�������QRWLI\�WKH�XVHU�RI�VHVVLRQ�V��GDWD�LV�ORFNHG�LQ�PRGH�DUJ>�@�E\�VRPHRQH

����QRWLI\BFOLHQW�V��GDWD��DUJ>�@��

��`

`

UHWXUQ�QHZ�&%UHVXOW���

�����`

���`

)LJXUH������&DOOEDFN�IRU�$FFHVV�1RWLILFDWLRQ

6.4.4� Extending Data Objects

,Q� WKLV� H[DPSOH�� ZH� H[WHQGHG� WKH�+773B'DWD2EMHFW� FODVV� IRU� ZHE� VHUYHUV� WKDW� VXSSRUW� *(7� DQG� 387�� 7KH

+773B'DWD2EMHFW� VLPSO\� PDSV� WKH� UHDG� DQG� ZULWH� UHTXHVWV� IURP� WKH� WUDQVDFWLRQV� WR� *(7� DQG� 387� +773

UHTXHVWV��UHVSHFWLYHO\���,I�D�ZHE�VHUYHU�LPSOHPHQWV�:(%'$9��ORFNLQJ�RI�ZHE�SDJHV�FDQ�DOVR�EH�GRQH�WKLV�ZD\���'XH

WR� WKH� OHQJWK� UHVWULFWLRQ�RI� WKLV�SDSHU��)LJXUH����RQO\� VKRZV�SDUW�RI� WKH� LPSOHPHQWDWLRQ�� �)RU�PRUH�GHWDLOV�� SOHDVH

UHIHU�WR�>��@�

�������������������5������������:������������(
�����5������������<������������1������������<
�����:�����������1������������1������������<
�����(������������<������������<������������<
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SXEOLF�FODVV�+773B'DWD2EMHFW�^

��SULYDWH�6WULQJ�XUOBV�

��SXEOLF�+773B'DWD2EMHFW�6WULQJ�XUOBS��^����XUOBV� �XUOBS���`

��SXEOLF�ERROHDQ�3URFHVVHV��6WULQJ�XUO��^��UHWXUQ��XUO�LQGH[2I��KWWS������  �����`

��SXEOLF�7[2S5HVXOW�5HDG�3HUQ*OREDO�J��6HVVLRQ(QWU\�VHV��7UDQVDFWLRQ�W[��6WULQJ�DUJ>@��^

�����85/�XUO�

�����WU\^

��������XUO� �QHZ�85/�XUOBV��

�����`FDWFK��0DOIRUPHG85/([FHSWLRQ�H�^

��������UHWXUQ�QHZ�7[2S5HVXOW�7[2S5HVXOW�(5525���3HUQ(UURU����0DOIRUPHG�85/���

�����`

�����+773&RQQHFWLRQ�KFRQ VHW+&RQ�XUO��VHQG0RGLILHG6LQFH��DUJV��

������������VHW�+773�FRQQHFWLRQ�DQG�*(7�WKH�FRQWHQW���2PLWWHG�

��`

`

)LJXUH������)UDJPHQW�RI�+773B'DWD2EMHFW

7� Discussion

7.1� Application Integration

-3HUQ/LWH�FDQ�EH�LQWHJUDWHG�ZLWK�DSSOLFDWLRQ�V\VWHPV�LQ�VHYHUDO�ZD\V��,W�FDQ�EH�UXQ�DV�DQ�LQGHSHQGHQW�ZHE�VHUYHU�RU

SUR[\�VHUYHU�RQ�WKH�,QWHUQHW��UHFHLYLQJ�H[SOLFLW�RU�LPSOLFLW�WUDQVDFWLRQ�UHTXHVWV�IURP�WKH�FOLHQWV�WKURXJK�+773��,W�FDQ

DOVR�EH�XVHG� DV� D� -DYD¹� VHUYOHW�� D� VWDQGDUG�ZD\� RI� LQWHJUDWLQJ� VHUYLFHV� LQWR�ZHE� VHUYHUV�� � )LQDOO\�� LW� FDQ� DOVR� EH

WUHDWHG�DV�D�-DYD¹�SDFNDJH��WKDW�LV��WLJKWO\�LQWHJUDWHG�LQWR�D�KRVW�VHUYHU�SURJUDP�YLD�LWV�-DYD¹�$3,��:H�LOOXVWUDWH�WKH

SRVVLELOLWLHV�LQ�WKLV�VHFWLRQ�

7.1.1� JPernLite as a Web Server

7R�WUHDW�-3HUQ/LWH�DV�DQ�LQGHSHQGHQW�ZHE�VHUYHU�WKDW�PDQDJHV�GLVWULEXWHG�WUDQVDFWLRQV��RQH�QHHGV�WR�GHYHORS�D�FOLHQW

WKDW�VSHDNV�WKH�+773�GLDOHFW�RI�-3HUQ/LWH���7KH�FXUUHQW�YHUVLRQ�RI�-3HUQ/LWH�VHDUFKHV�IRU�SDUDPHWHUV�VXFK�DV�W\SH�RI

WUDQVDFWLRQ�RSHUDWLRQ��WUDQVDFWLRQ�,'��RU�VHVVLRQ�,'�LQ�ERWK�WKH�KHDGHU�SDUW�RI�WKH�+773�PHVVDJH�DQG�WKH�YDULDEOHV�RI

D�3267�UHTXHVW����,QIRUPDWLRQ�UHWXUQHG�IURP�WKH�-3HUQ/LWH�VHUYHU�LV�DOVR�SXW�LQ�ERWK�WKH�KHDGHUV�RI�WKH�UHSO\�PHVVDJH

DQG�D�UHJXODU��KXPDQ�UHDGDEOH�+70/�PHVVDJH�� �7KH�WZR�LQWHUIDFHV�DUH�VXLWDEOH�IRU�GLIIHUHQW�FOLHQWV��FXVWRP�PDGH

DSSOLFDWLRQV� WKDW�KDYH� WKHLU�RZQ�+773�FRGH�FDQ�HDVLO\�XVH� WKH�KHDGHUV� WR�PDQLSXODWH� WKH� WUDQVDFWLRQ� UHTXHVWV�DQG

UHSOLHV�� � 0RUH� KXPDQ�RULHQWHG� DSSOLFDWLRQV� WKDW� ZDQW� WR� XVH� H[LVWLQJ� EURZVHUV� FDQ� XVH� +70/� IRUPV� WR� FRGH

WUDQVDFWLRQ�UHTXHVWV��DQG�WKH�KXPDQ�FDQ�HDVLO\�UHDG�WKH�WUDQVDFWLRQ�UHVXOWV�
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7KH�FXUUHQW�+773�LQWHUIDFH�LV�VXSSRUWHG�E\�-DYD¹
V�UHIOHFWLRQ�SDFNDJH��MDYD�ODQJ�UHIOHFW����7KDW�LV��ZKHQ

VXFK� D� UHTXHVW� LV� UHFHLYHG�� LW� GHWHUPLQHV� WKH� WUDQVDFWLRQ� FODVVHV� DQG� PHWKRG� QDPHV� WKURXJK� WKH� XWLOLWLHV� LQ

MDYD�ODQJ�UHIOHFW����7KH�UHTXLUHPHQW�IRU�D�UHIOHFWLYH�SURJUDPPLQJ�ODQJXDJH�LV�VLPSO\�D�OLPLWDWLRQ�LPSRVHG

E\�WKLV�SDUWLFXODU�LPSOHPHQWDWLRQ�RI�WKH�WUDQVDFWLRQ�VHUYHU��EHFDXVH�-3HUQ/LWH�XVHV�-DYD¹�FODVV�H[WHQVLRQ�WR�GHILQH

QHZ�WUDQVDFWLRQ�W\SHV��DQG�FDOOEDFNV�DUH�GLIIHUHQW�PHWKRGV�RI�WKH�WUDQVDFWLRQ�FODVVHV����$Q�LPSOHPHQWDWLRQ�FDQ�DOVR

FKRRVH� WR� GHILQH� WUDQVDFWLRQ� W\SHV� YLD� D� VFULSWLQJ� ODQJXDJH�� DQG� XVH� GLIIHUHQW� SDUDPHWHUV� WR� GLVWLQJXLVK� GLIIHUHQW

FDOOEDFNV�

7.1.2� JPernLite as a Proxy Server

$OWKRXJK�QRW�\HW�LPSOHPHQWHG��-3HUQ/LWH�FDQ�EH�PRGLILHG�WR�UXQ�DV�DQ�+773�SUR[\�VHUYHU���,Q�WKLV�PRGH��LW�FDWFKHV

DOO� WKH� +773� UHTXHVWV� IURP� WKH� ZHE� FOLHQWV�� DQG� GLVWLQJXLVKHV� QRUPDO� GDWD� UHTXHVW� DQG� WUDQVDFWLRQ� UHTXHVWV�� � $

WUDQVDFWLRQ� UHTXHVW� LV� RQH�ZKRVH�85/� LV� WKH� UHVHUYHG� -3HUQ/LWH�85/�� �:KHQ� VXFK� D� UHTXHVW� LV� FDXJKW�� -3HUQ/LWH

SHUIRUPV�WKH�WUDQVDFWLRQ�UHTXHVW��DQG�UHWXUQV�LQIRUPDWLRQ�VXFK�DV�VHVVLRQ�,'�DQG�WUDQVDFWLRQ�,'�DV�FRRNLHV����&RRNLHV

LV�DQ�+773�KHDGHU� WKDW� LQIRUPV� WKH�EURZVHUV� WR� UHPHPEHU� DQG� VHQG�ZKHQHYHU� WKH\� DUH� DFFHVVLQJ� D� FHUWDLQ�85/�

0RVW�FRPPHUFLDO�ZHE�EURZVHUV��HVSHFLDOO\�ERWK�1HWVFDSH�DQG�06,(�VXSSRUWV�FRRNLHV�� �7KHUHIRUH��ZKHQ�WKH�FOLHQW

PDNHV�*(7��3267�RU�387�UHTXHVWV�LQ�WKH�IXWXUH��WKH�-3HUQ/LWH�SUR[\�VHUYHU�FDQ�DVVRFLDWH�WKH�GDWD�UHTXHVW�ZLWK�WKH

ULJKW�WUDQVDFWLRQ�FRQWH[W��DQG�DSSO\�5($'�RU�:5,7(�ORFNV�DFFRUGLQJ�WR�WKH�UHTXHVW�W\SH�

$OWKRXJK�WKH�VHPDQWLFV�RI�*(7�DQG�387�LV�SUHWW\�FOHDU��WKH�VHPDQWLFV�RI�D�3267�UHTXHVW�LV�LQKHUHQWO\�DPELJXRXV�E\

LWV�QDWXUH�LQ�WHUPV�RI�ZKHWKHU�LW�LV�D�UHDG�RU�D�ZULWH�RSHUDWLRQ���'LIIHUHQW�ZHE�VHUYHUV�XVH�LW�IRU�GLIIHUHQW�SXUSRVHV��LW

FRXOG�EH�D�GDWD�HQWU\�IRUP��RU�LW�FRXOG�VLPSO\�EH�D�TXHU\�IRUP���7KH�SUR[\�VHUYHU�LQWHUIDFH�SDFNDJH�FXUUHQWO\�WUHDWV

DOO�3267�UHTXHVWV�DV�ZULWH�RSHUDWLRQV���,I�DQ�DGPLQLVWUDWRU�ZDQWV�WR�EH�VSHFLILF��85/�VSHFLILF�GDWD�REMHFW�FODVVHV�FDQ

EH�ZULWWHQ�WKDW�FKDQJH�WKH�ZULWH�ORFNV�RQ�3267�UHTXHVWV�WR�UHDG�ORFNV�

7.1.3� JPernLite as a Java¹ Component

)RU�D�VRPHZKDW�WLJKWHU�LQWHJUDWLRQ��RQH�FDQ�XVH�-3HUQ/LWH�DV�D�-DYD¹�VHUYOHW�PRGXOH�RU�VLPSO\�D�-DYD¹�SDFNDJH�

0RVW�ZHE�VHUYHUV�VXSSRUW�VHUYOHWV�DV�D�VWDQGDUG�ZD\�RI�DGGLQJ�H[WHQVLRQV�� �7KH�-DYD¹�$3,�RI�-3HUQ/LWH�SURYLGHV

HQWU\�SRLQWV�WR�WKH�VHUYLFH�PHWKRGV��VXFK�DV�VWDUW�XS�-3HUQ/LWH��H[HFXWH�WUDQVDFWLRQ�RSHUDWLRQV��DQG�VHWWLQJ�ORFN�WDEOHV�

,Q�WKLV�FDVH��WKH�KRVW�V\VWHP��HLWKHU�D�ZHE�VHUYHU�RU�D�OHJDF\�V\VWHP�WKDW�ZDQWV�DQ�LQWHUQDO�WUDQVDFWLRQ�VHUYHU�UHTXHVWV

WKH�WUDQVDFWLRQ�RSHUDWLRQV�GLUHFWO\�WKURXJK�WKH�-DYD¹�$3,�ZLWKRXW�DQ\�QHWZRUN�WUDIILF�LQYROYHG���&XUUHQWO\�-3HUQOLWH

GRHV�QRW�SURYLGH� LQWHUIDFHV� WR� UHFHLYH�DQG�FRQILJXUH� WKH�FDOOEDFN�PRGXOHV� WKURXJK� WKH� ,QWHUQHW�� VR� WKH�ZHE� VHUYHU

DGPLQLVWUDWRU�ZRXOG�QHHG�WR�LQVWDOO�WKH�FDOOEDFNV�E\�KDQG��WKDW�LV��E\�SXWWLQJ�WKH�]LSSHG�-DYD¹�FODVVHV�LQWR�WKH�ULJKW

GLUHFWRU\����$�SRWHQWLDO�SUREOHP�ZLWK�WKLV�LQWHJUDWLRQ�DSSURDFK�LV�WKDW�WKH�KRVW�V\VWHP�PXVW�EH�ZLOOLQJ�WR�DFFHSW�WKH
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SHUVLVWHQFH�PHFKDQLVP�WKDW�-3HUQ/LWH�XVHV��L�H���2EMHFW6WRUH�36(���7KDW�PHDQV�LQWHJUDWLQJ�-3HUQ/LWH�DOVR�IRUFHV�WKH

KRVW�V\VWHP�WR�LQFOXGH�2EMHFW6WRUH�LQ�LWV�&/$663$7+�

7.1.4� Our Experience

:H�KDYH�FDUULHG�RXW�VHYHUDO�LQWHJUDWLRQ�H[SHULPHQWV��)LUVW��ZH�LPSOHPHQWHG�D�-DYD¹�DSSOHW�FOLHQW�RI�-3HUQ/LWH�WKDW

FDQ�EH�UXQ�E\�DQ\�ZHE�EURZVHU�VXSSRUWLQJ�-'.�������+XPDQ�XVHUV�FDQ�VWDUW�WUDQVDFWLRQV�WKURXJK�WKH�DSSOHW�RQ�WKH�IO\

ZKLOH�WKH\�DFFHVV�RQH�RU�PRUH�ZHE�SDJHV�� �$FFHVVHV�IURP�PXOWLSOH�XVHUV�DUH�FRRUGLQDWHG�YLD�-3HUQ/LWH�DQG�PXOWL�

DFFHVV� WUDQVDFWLRQV� FDQ� EH� FUHDWHG�� FRPPLWWHG�� DQG� DERUWHG�� � � 'XULQJ� WKLV� LQWHJUDWLRQ� H[SHULPHQW�� ZH� DOVR

LPSOHPHQWHG�D�FOLHQW�VLGH�-DYD¹�$3,�IRU�-3HUQ/LWH�� �7KH�FOLHQW�VLGH�-3HUQ/LWH�$3,�DFFHVVHV�WKH�WUDQVDFWLRQ�VHUYHU

WKURXJK�WKH�+773�LQWHUIDFH��DQG�H[SRVHV�WKH�VHUYLFHV�WR�WKH�FOLHQW�DSSOLFDWLRQ��LQ�RXU�FDVH��WKH�DSSOHW��YLD�WKH�-DYD¹

$3,�� � �/HJDF\�V\VWHPV�WKDW�DUH�ZULWWHQ� LQ� ODQJXDJHV�RWKHU� WKDQ�-DYD¹�ZRXOG�SUREDEO\�QHHG� WR� UXQ�-3HUQ/LWH�DV�D

VHSDUDWH�ZHE�VHUYHU�DQG�ZULWH�WKHLU�RZQ�FOLHQW�VLGH�$3,�

$QRWKHU� H[DPSOH� LV� WKDW� ZH� LQWHJUDWHG� -3HUQ/LWH� LQWR� D� ZRUNIORZ� HQYLURQPHQW� VHUYHU� >��@�� ZKLFK� GLUHFWO\� XVHV

-3HUQ/LWH�DV�D�-DYD¹�SDFNDJH���7KH�ZRUNIORZ�PDQDJHU�LQ�WKH�VHUYHU�XWLOL]HV�-3HUQ/LWH�YLD�WKH�-DYD¹�$3,�WR�SHUIRUP

WUDQVDFWLRQ� RSHUDWLRQV�� � &RPSDUHG� ZLWK� XVLQJ� -3HUQ/LWH� DV� DQ� LQGHSHQGHQW� ZHE� VHUYHU�� WKLV� DSSURDFK� KHOSV� WKH

ZRUNIORZ�PDQDJHU� WR� V\QFKURQL]H� WKH�RQ�JRLQJ� WDVNV�ZLWK� WKH�RQ�JRLQJ� WUDQVDFWLRQV�ZKHQ� UHFRYHULQJ� IURP�VHUYHU

FUDVKHV�� � ,Q� VXFK� D� VLWXDWLRQ�� WKH� ZRUNIORZ� PDQDJHU� ZRXOG� EH� DEOH� WR� DVN� -3HUQ/LWH� WR� VWDUW� FHUWDLQ� WDVNV� �YLD

FDOOEDFNV��ZKHQ�WKH�WUDQVDFWLRQ�EDVH�UHFRYHUV�IURP�D�VHUYHU�FUDVK���,I�-3HUQ/LWH�ZDV�UXQQLQJ�LQGHSHQGHQWO\�DV�D�ZHE

VHUYHU��VXFK�RSHUDWLRQV�PLJKW�VXIIHU�IURP�QHWZRUN�GLVFRQQHFWLRQ�RU�MDP��WKDW�LV��WKH�UHFRYHU\�SURFHVV�ZRXOG�KDYH�WR

LQYROYH�IXUWKHU�UHFRYHU\�SURWHFW�DJDLQVW�QHWZRUN�GLVDVWHUV�

7.2� Back End Data Source Integration

-3HUQ/LWH�GLIIHUV�IURP�VRPH�RWKHU�WUDQVDFWLRQ�VHUYHUV�LQ�DQ�LPSRUWDQW�ZD\��LW�GRHV�QRW�LPSRVH�VWULFW�UHTXLUHPHQWV�RQ

WKH�EDFN�HQG�GDWD�VRXUFH�FDSDELOLWLHV���,Q�WKLV�VHFWLRQ�ZH�GLVFXVV�VRPH�LQWHUHVWLQJ�SUREOHPV�ZH�HQFRXQWHUHG�ZKHQ�WKH

EDFN� HQG� GDWD� VRXUFHV� GR� QRW� RIIHU� DQ\� WUDQVDFWLRQDO� VXSSRUW�� � ,I� -3HUQ/LWH� ZHUH� WR� PDNH� UHTXLUHPHQWV� VXFK� DV

GLUHFWO\�VXSSRUWLQJ�UHFRYHU\��WZR�SKDVH�FRPPLW��DQG�D�FHUWDLQ�W\SH�RI�DXWKHQWLFDWLRQ��WKHVH�SUREOHPV�ZRXOG�QRW�H[LVW

LQ�WKH�ILUVW�SODFH�� �7KHVH�SUREOHPV�DUH�KDQGOHG�E\�WKH�GDWD�DFFHVV�PRGXOHV��WKH�DataObject�FODVVHV��LQ�JHQHUDO�

)RU�H[DPSOH��WKH�DXWKHQWLFDWLRQ�VFKHPH�RI�WKH�EDFN�HQG�GDWD�VKRXOG�EH�HQFDSVXODWHG�LQ�WKH�GDWD�REMHFW�FODVVHV���7KH\

VKRXOG�UHPHPEHU�WKH�DSSURSULDWH�KHDGHU�ILHOGV��WKH�RQHV�WKDW�UHSUHVHQW�XVHU�QDPH�DQG�SDVVZRUG��IRU�H[DPSOH��HDFK

WLPH�DQ�DFFHVV�LV�JUDQWHG��DQG�XVH�WKHP�ZKHQ�WKH�GDWD�VRXUFH�QHHGV�WR�EH�UROOHG�EDFN�

7.2.1� The "Back Door" Problem
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8VHUV� FDQ� DOZD\V� DFFHVV� GDWD� IURP� ZHE� VHUYHUV� RU� RWKHU� LQIRUPDWLRQ� UHVRXUFHV� ZLWKRXW� QRWLI\LQJ� WKH� WUDQVDFWLRQ

VHUYHU��7KLV�FUHDWHV�ZKDW�ZH�FDOO�WKH��EDFN�GRRU��SUREOHP��,I�WKH�GDWD�VRXUFH�VXSSRUWV�ORFNLQJ�RQ�LWV�GDWD��L�H���ZHE

SDJHV�� IRU� ZHE� VHUYHUV��� -3HUQ/LWH� FRXOG� WKHQ� DFWXDOO\� ORFN� WKHP� RQ� WKH� VHUYHU�� 7KHQ� XVHUV� ZKR� DFFHVV� WKH� GDWD

GLUHFWO\� FRXOG� QRW� LQWHUIHUH� ZLWK� D� WUDQVDFWLRQ� DFFHVVLQJ� WKH� VDPH� GDWD� LQ� D� FRQIOLFWLQJ� PRGH�� � $QRWKHU� SRVVLEOH

VROXWLRQ�LV�WR�XVH�DFFHVV�FRQWURO��VXFK�DV�+773�DXWKHQWLFDWLRQ�LQ�WKH�FDVH�RI�:::��,I�WKH�GDWD�LV�SURWHFWHG�XQGHU

+773�DXWKHQWLFDWLRQ�DQG�RQO\�-3HUQ/LWH�NQRZV�WKH�SDVVZRUG��XVHUV�ZLOO�QRW�EH�DEOH�WR�DFFHVV�WKH�GDWD�IURP�RXWVLGH

RI� -3HUQ/LWH�� �+RZHYHU�� LI�QRQH�RI� WKH� DERYH�PHFKDQLVPV� LV� DYDLODEOH�� H�J���PDQ\�H[LVWLQJ�ZHE� VHUYHUV� WKDW� VHUYH

UHDG�RQO\�ZHE�SDJHV�GR�QRW�SURYLGH� DQ\� ORFNLQJ� FDSDELOLWLHV�� LQ� WKH�JHQHUDO� FDVH� FOLHQWV� FRXOG�QRW�EH� LQIRUPHG� LI

VRPHRQH�DFFHVVHV�WKH�ZHE�SDJHV�GLUHFWO\�ZLWKRXW�QRWLI\LQJ�WKH�WUDQVDFWLRQ�VHUYHU�

7KHUH� LV�DQRWKHU�NLQG�RI� WKH��%DFN�'RRU��SUREOHP��FRQFHUQLQJ�GDWD� VRXUFHV� WKDW�JHQHUDWH�GDWD�RQ� WKH� IO\�� H�J�� E\

XVLQJ�&*,�ELQ�RU�D�85/�FRUUHVSRQGV�WR�D�TXHU\�LQWHUIDFH�WR�D�GDWDEDVH����,Q�WKLV�FDVH��WKH�ORFNV�DSSOLHG�E\�-3HUQ/LWH

LV�PHUHO\�RQ�WKDW�85/��DQG�GRHV�QRW�QHFHVVDULO\�PHDQ�WKDW� WKH�DFWXDO�GDWD�RU�SDJH� LV� ORFNHG�� � ,Q�SDUWLFXODU�� LI� WZR

TXHU\�85/V�SURGXFH�WKH�VDPH�GRFXPHQW��ORFNLQJ�RQH�RI�WKHP�LQ�-3HUQ/LWH�ZRXOG�QR�SUHYHQW�VRPHRQH�HOVH�WR�REWDLQ

D�FRQIOLFWLQJ�ORFN�RQ�WKH�RWKHU�85/��� �$�VROXWLRQ�WR�WKLV�SUREOHP�LV�WR�ZULWH�WKH�GDWD�DFFHVV�PRGXOHV�VR�WKDW�ZKHQ

VXFK�D� ORFN� LV�DSSOLHG�� WKH�GDWD�DFFHVV�PRGXOHV�FRQWDFW� WKH�GDWDEDVH�EHKLQG� WKH�ZHE�VHUYHU�� DQG� DFWXDOO\� ORFN� WKH

REMHFWV�RU�WDEOHV�LQVLGH�WKH�GDWDEDVH�GLUHFWO\�

7.2.2� Supporting Distributed Commit

-3HUQ/LWH� XVHV� D� WZR�SKDVH� FRPPLW� SURWRFRO� ZKHQ� GDWD� IURP� PXOWLSOH� GDWD� VRXUFHV� DUH� DFFHVVHG� E\� D� VLQJOH

WUDQVDFWLRQ�� 7ZR�SKDVH� FRPPLW� LV� WKH� VWDQGDUG�PHDQV� IRU� FRPPLWWLQJ� GDWD� XSGDWHV� RYHU� GLVWULEXWHG� GDWD� VRXUFHV�

ZKHUH�D�SUHSDUDWLRQ�SKDVH��SUH�FRPPLW��HQVXUHV�WKDW�DOO�WKH�VLWHV�DJUHH�SULRU�WR�WKH�ILQDO�JOREDO�FRPPLWPHQW�SKDVH�

+RZHYHU��PDQ\�GDWD� VRXUFHV�GR�QRW� VXSSRUW� WZR�SKDVH� FRPPLW��)RU� H[DPSOH�� VHUYHUV� WKDW� DOORZ�/2&.�DQG�387

DFFRUGLQJ� WR� WKH� :(%'$9� VSHFLILFDWLRQ� PD\� QRW� DOVR� KDYH� SUH�FRPPLW� DQG� DERUW� �LQ� FDVH� SUH�FRPPLW� IDLOV�

RSHUDWLRQV��ZKLFK�DUH�HVVHQWLDO�WR�WKH�WZR�SKDVH�FRPPLW�SURWRFRO�

,I�WKH�GDWD�VRXUFH�VXSSRUWV�VRPH�IRUP�RI�GLVWULEXWHG�FRPPLW�SURWRFRO��RQH�FDQ�XVH�WKH�FDOOEDFN�PHFKDQLVP�WR�H[WHQG

-3HUQ/LWH�WR�H[SORLW�LW��,I�WKH�GDWD�VRXUFH�GRHV�QRW�VXSSRUW�DQ\�IRUP�RI�GLVWULEXWHG�FRPPLW�SURWRFRO��ZKDW�-3HUQ/LWH

FDQ�GR�LV�DVVXPH�LW�ZLOO�HYHQWXDOO\�DJUHH�ZLWK�WKH�FRPPLW�DQG�WKHQ�UHWU\�UHSHDWHGO\�WR�ZULWH�WKH�FXUUHQW�YHUVLRQ�RI�WKH

GDWD��7KLV�VKRXOG�ZRUN��HYHQWXDOO\��IRU�ZHE�VHUYHUV�WKDW�VXSSRUW�RQO\�WKH�EDVLF�+773�����SURWRFRO��ZKLFK�LQFOXGHV

WKH�387�PHWKRG����EXW�WKH��EDFN�GRRU��LV�H[WHQGHG�KHUH�WR�LQFOXGH�DQ\�DFFHVVHV�GXULQJ�WKH�SHULRG�RI�WLPH�SULRU�WR

ILQDOL]LQJ�JOREDO�FRPPLW�

7.3� Scaling Up
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$V�ZH�GHVFULEHG�WKH�WUDQVDFWLRQ�VHUYHU�LQ�WKLV�SDSHU��DOO�GDWD�DFFHVV�UHTXHVWV�JR�WKURXJK�LW�IRU�FRQFXUUHQF\�FRQWURO�

DQG�WKXV�LW�EHFRPHV�D�ERWWOHQHFN�RU�FHQWHU�RI�IDLOXUH�LQ�LWV�FOLHQW�DSSOLFDWLRQ�V\VWHPV��7KLV�LV�DQ�LQKHUHQW�SUREOHP�RI

DQ\�FHQWUDOL]HG�FOLHQW�VHUYHU�V\VWHP�

7KH�SUREOHP�FRPHV�PDLQO\�IURP�WZR�NLQGV�RI�GHOD\V��QHWZRUN�WUDIILF�DQG�FRPSXWDWLRQ�LQ�WKH�WUDQVDFWLRQ�VHUYHU���:H

VLPXODWHG�WKH�FRPSXWDWLRQ�FRVW�LQ�VLWXDWLRQV�ZKHUH���������DQG������XVHUV�DUH�XVLQJ�WKH�VHUYHU�VLPXOWDQHRXVO\���(DFK

XVHU�UDQGRPO\�VWDUWV�WUDQVDFWLRQV�WR�SHUIRUP�WDVNV�VXFK�DV�UHDG��ZULWH��ORFN�DQG�XQORFN���7KH�GDWD�WKH\�DFFHVV�KDV�D

VPDOO�VHW�RI��KRW�VSRWV��WR�VLPXODWH�WKH�UHDOLW\�RI�WKH�ZHE��WKHUH�DUH�D�IHZ�ZHE�VLWHV�RU�ZHE�SDJHV�WKDW�DUH�YLVLWHG�IDU

PRUH�IUHTXHQWO\� WKDQ�RWKHUV�� �2Q�D�3HQWLXP�����0+]�PDFKLQH�ZLWK���0�5$0�� WKH� WLPH�VSHQW�E\� WKH� VHUYHU� WR

VHUYLFH� DQ� LQGLYLGXDO� UHTXHVW�� LQ� DYHUDJH�� DUH� ����� ���� DQG� ���� PLOOLVHFRQGV�� UHVSHFWLYHO\�� � 7KH� LQFUHDVH� LQ

SURFHVVLQJ�WLPH�FRPHV�IURP�ODUJHU�GDWD�VWUXFWXUHV�DQG�WUDQVDFWLRQ�EDVH��WKXV�PDNHV�LW�KDUGHU�WR�VHDUFK�DQG�UHVROYH

FRQFXUUHQF\�FRQWURO�FRQIOLFWV�

&RQVLGHULQJ�WKH�GRPDLQ�RI�SRWHQWLDO�DSSOLFDWLRQV��ZH�WKLQN�WKH�SURFHVVLQJ�WLPH������WR�����VHFRQG��LV�UHDVRQDEOH�IRU�D

FRPPXQLW\� RI� DV� PDQ\� DV� ����� XVHUV�� ,Q� WKH� DQWLFLSDWHG� GRPDLQV�� VXFK� DV� FR�DXWKRULQJ�� VRIWZDUH� HQJLQHHULQJ�

&$'�&$0��KHDOWKFDUH��HPHUJHQF\�UHVSRQVH��HWF���KXPDQ�DFWLYLWLHV�WDNH�PXFK�ORQJHU�WKDQ�WKH�&&�SURFHVVLQJ�WLPH��

DQG�LQ�DQ\�FDVH�LW�LV�XQOLNHO\�WKDW�PRUH�WKDQ������XVHUV�ZRXOG�SDUWLFLSDWH�LQ�WKH�VDPH�WHDP�DQG�WKXV�VKDUH�D�VLQJOH

WUDQVDFWLRQ�VHUYHU�

7R�WDFNOH�WKH�QHWZRUN�WUDIILF�SUREOHP�DV�ZHOO�DV�WR�VFDOH�XS�WR�WHDPV�RI�WHDPV��ZKLFK�PD\�ULVH�LQ�VL]H�EH\RQG�����

XVHUV��ZH� DUH�ZRUNLQJ� RQ� WKH� LGHD� RI�DOOLDQFHV� DPRQJ� GLVWULEXWHG� WUDQVDFWLRQ� VHUYHUV��ZKHUH� WZR� RU�PRUH� VHUYHUV

PDNH�DJUHHPHQWV�EHWZHHQ�WKHPVHOYHV� WR�FRRSHUDWH�RQ�HQIRUFLQJ�FHUWDLQ�VXEVHWV�RI� WKHLU�&&�SROLFLHV��DQDORJRXV� WR

RXU�ODE¶V�SUHYLRXV�ZRUN�RQ�DOOLDQFHV�DPRQJ�ZRUNIORZ�HQJLQHV�>�@��0XOWLSOH�LQVWDQFHV�RI�WKH�WUDQVDFWLRQ�VHUYHU�FRXOG

VKDUH� WUDQVDFWLRQ� VWDWH� LQIRUPDWLRQ� ZLWK� HDFK� RWKHU�� UHVROYH� FRQFXUUHQF\� FRQWURO� FRQIOLFWV�� DQG� DOORZ� XVHUV� WR

FROODERUDWH�DFURVV�WUDQVDFWLRQ�VHUYHUV�

7.4� Concurrency Control without Locking

7KURXJKRXW�WKLV�SDSHU��ZH�UHIHU�WR�ORFNLQJ�DV�LI�LW�ZHUH�WKH�PDLQ�&&�PHFKDQLVP��%XW�WKLV�LV�IRU�H[SRVLWRU\�SXUSRVHV

RQO\��-3HUQ/LWH�LV�QRW�KDUGZLUHG�LQ�DQ\�ZD\�WR�ORFNLQJ��(DFK�RSHUDWLRQ�LQ�WKH�KLVWRU\�RI�D�WUDQVDFWLRQ�LV�DVVRFLDWHG

ZLWK�D�WLPHVWDPS��WKHUHIRUH�YDULRXV�WLPHVWDPS�EDVHG�&&�DOJRULWKPV�FDQ�DOVR�EH�LPSOHPHQWHG�

$OWKRXJK�ORFN�EDVHG�FRQFXUUHQF\�FRQWURO�PHFKDQLVPV�DUH� WKH�PRVW�SRSXODU�RQHV�� WKHUH�GR�H[LVW�RWKHU�DOWHUQDWLYHV�

)RU�LQVWDQFH��RSWLPLVWLF�FRQFXUUHQF\�FRQWURO�SROLFLHV�YHULI\�FRQVLVWHQF\�RI�GDWD�DW�WKH�FRPPLW�WLPH�RI�D�WUDQVDFWLRQ�

,PSOHPHQWLQJ�VXFK�SROLFLHV�ZRXOG�LQYROYH�VRSKLVWLFDWHG�XVH�RI�-3HUQ/LWH¶V�SOXJ�LQ�H[WHQVLRQ�FDSDELOLWLHV�
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8� Contributions and Future Work

8.1� Summary

:H� KDYH� SUHVHQWHG� D� PLGGOHZDUH� DSSURDFK� IRU� GLVWULEXWHG� FRQFXUUHQF\� FRQWURO� RQ� :::� DQG� LQWURGXFHG� DQ

LQGHSHQGHQW�H[WHQVLEOH� WUDQVDFWLRQ�VHUYHU�FRPSRQHQW��7KH� WUDQVDFWLRQ�VHUYHU�ILOOV� WKH�JDS�EHWZHHQ�WKH�&&�IHDWXUHV

K\SHUPHGLD�V\VWHPV�QHHG�DQG�WKH�&&�IHDWXUHV�FXUUHQW�ZHE�VHUYHUV�SURYLGH��$�-DYD¹�UHDOL]DWLRQ��-3HUQ/LWH��KDV�EHHQ

LQWHJUDWHG�ZLWK�D�ZRUNIORZ�V\VWHP�DQG�FDQ�DOVR�UXQ�DV�D�VWDQG�DORQH�VHUYHU�VHUYLFLQJ�UHTXHVWV�IURP�RXU�-DYD¹�DSSOHW

FOLHQW�� 7KH� DUFKLWHFWXUH� PDNHV� LW� SRVVLEOH� IRU� -3HUQ/LWH� WR� VXSSRUW� GLVWULEXWHG� WUDQVDFWLRQV� RQ� GDWD� VWRUHG� LQ

KHWHURJHQHRXV�LQIRUPDWLRQ�UHVRXUFHV��DOWKRXJK�WR�GDWH�ZH�KDYH�EHHQ�XVLQJ�:::�DV�WKH�SULPDU\�H[DPSOH�RI�VXFK�D

GDWD�VRXUFH�� �)LJXUH���� OLVWV� WKH� WUDQVDFWLRQ�VHUYLFH�IHDWXUHV�ZH�VXPPDUL]HG� LQ�VHFWLRQ���DV� UHTXLUHPHQWV� IRU�ZHE�

EDVHG�FROODERUDWLYH�V\VWHPV�

�(YHQW�1RWLILFDWLRQ ��)LQH�JUDLQHG�1RWLILFDWLRQ ��8VHU�FRQWUROOHG�/RFNLQJ �)LQH�JUDLQHG�/RFNLQJ

����6KDUHG�/RFNLQJ ��3HUVLVWHQF\ ��6\QHUJLVWLF�&RRSHUDWLRQ ��([WHQVLELOLW\

��+HWHURJHQHLW\ ��6XSSRUWLQJ�/DUJH�6FDOH ��6XSSRUW�'LVWULEXWHG�7;V �$SSOLFDWLRQ�6HPDQWLFV

���<HV��-3HUQ/LWH�VXSSRUWV�WKLV�IHDWXUH

���1R��-3HUQ/LWH�GRHV�QRW�VXSSRUW�WKLV�IHDWXUH

�� -3HUQ/LWH� SURYLGHV� WKH� RSSRUWXQLW\� WR� ZULWH� HYHQW� QRWLILFDWLRQ� FDOOEDFNV� LQ� WUDQVDFWLRQ� VHUYHU�� EXW� GRHV� QRW

VXSSRUW�DQ\�VSHFLILF�FRPPXQLFDWLRQ�SURWRFROV�

��<HV��WKURXJK�WKH�XVH�RI�FDOOEDFNV�

)LJXUH������6XPPDU\�RI�)HDWXUHV

8.2� Future Work

7KH�RQO\�ZD\�WR�H[WHQG�-3HUQ/LWH�DW�SUHVHQW�LV�E\�ZULWLQJ�SOXJ�LQ�FRGH�LQ�-DYD¹��ZKLFK�LV�DFWLYDWHG�E\�WKH�-3HUQ/LWH

VHUYHU� �RU� VHUYOHW� RU� SDFNDJH�� LWV� DOO� WKH� VDPH� FRGH�ZLWK�PXOWLSOH� LQWHUIDFHV�� ZKHQ� WKH� FRUUHVSRQGLQJ� WUDQVDFWLRQ

RSHUDWLRQV�DUH�SHUIRUPHG���:H�DUH�DOVR�GHILQLQJ�D�VFULSWLQJ�ODQJXDJH�EDVHG�RQ�WKH�RULJLQDO�3HUQ¶V�&RUG�QRWDWLRQ�WR

GHVFULEH�&&�SROLFLHV�DW�D�KLJKHU�OHYHO�RI�DEVWUDFWLRQ�

7R� VXSSRUW� ODUJH�VFDOH� FROODERUDWLYH� V\VWHPV�� LW� LV� GHVLUDEOH� IRU� WKH� WUDQVDFWLRQ� VHUYHUV� WR� FRPPXQLFDWH�ZLWK� HDFK

RWKHU��(DFK�LQGLYLGXDO�WUDQVDFWLRQ�VHUYHU�ZRXOG�VHUYLFH�RQO\�D�VXEVHW�RI�WKH�DSSOLFDWLRQV�DQG�HQIRUFH�WKH�&&�SROLFLHV

QHHGHG�E\� WKRVH� DSSOLFDWLRQV��:KHQ� WZR�RU�PRUH� DSSOLFDWLRQV� IURP�GLIIHUHQW� WUDQVDFWLRQ� VHUYHUV� VKDUH� GDWD�� WKHVH

WUDQVDFWLRQ�VHUYHUV�ZRXOG�LQWHUDFW�ZLWK�HDFK�RWKHU�WR�FRRUGLQDWH�GDWD�DFFHVV�DFFRUGLQJ�WR�QHJRWLDWHG�&&�SROLFLHV�
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